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FOR ERRATA

o 409534

THE FOLLOWING PAGES ARE CHANGES

10 BASIC DOCUMENT




L

u ROCKRERETDYMNE ] A DIVISION OF NORTH

SPECIFICATION CHANGE INDEX
Specification No. R-3953S

D HO0G 53

AMERICAN AVIATION INC

As of 22 July 1964

O SCN MA5 SCN Date Pages Item Affected Subject
No. ECP No. Affected YLR101-NA-15
— MD Ident. No.
1 92R1 25 March 1964 1,6,7,12, 1 Provisions for YLR101-NA-15
14,68,69, Vernier Engine Thrust-level
70,71 Increase.
2 99R1 25 March 1964 1,6,7,11, 2 Replacement of YLR101-NA-135
14,55,68, Vernier Engine Thruat
69,70,71 Chamber Injector Asxembly.
3 102R1 10 June 1964 14 3 Addition of YLRIOL-NA-13

© | @ Ttem added this issue

Vernier Engine Torque
Striping.




A DIVISION OF NORTM AMIRICAN AVIATION 1N

mocxETDVNE  GPECIFICATION CHANGE NOTICE

Numb 3
Poge. 1 of
UNCLASSIFIED d
SECUMITY ' 1964
CLASSIFICATION ( CONFIDENTIAL O Dote 10 June
SEcher O SUPERSEDES  Dote
1. FOR £CP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
NA-M43-102R]1 Rocketdyne Liquid-Propellant Rocket R-39538
Engine Model YLR101-NA-15 (Vernier)
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO. 14
L/C AF04(695)-500 CCN6 (N500-SSD65MSN-53)

6. PRODUCTION EFFECTIVITY:

NA336589 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.5 Drawings and Data

Change YLR101-NA-15 MD number identification to incorporate MD3,

form 600-8-8



ROCKETIDYNE

A DIVIBION OF NORATH AMERICAMN AVIATION, INC.

1 May 19b4

SCN No. MAS5-

SPECIFICATION CHANGE INDEX

Specification No. R-39538

SCN Date

Pages
Affected

Item Affected
YLR1£1-NA-15
MD Ident. No.

Subject

ECP No.
g 1 92R1
4 2 99R1

25 March 1964

25 March 1964

1,6,7,12,
14,068,069,
70, 71

1,6,7,11
14,55,08,
69,70, 71

1

@ Denotes changes to the Specification Change Index.

FORM 908.D PLATK REV. 1-58

Provisions for
YLR1O1 -NA=~15
Vernier Engine
Thrust-level
Increase.

Replacement of
YLR101-NA-15
Vernier Engine
Thrust Chamber
Injector Asxembly

11~
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BoSamInYNE  SPECIFICATION CHANGE NOTICE

Number. 1
Poge 1 of b_,, -
UNCLASSIFIED o9 —- e
SECURITY o 96!
CLASSIFICATION CONFIDENTIAL O Dote __ =D March 1964
( secrer D SUPERSEDES Date 18 _Jlune 1963
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL E_;.A;;EEI;IEA;Td;Q:J;)T o
Liquid Propellant Rocket Engine i
NA-MA5-92R1 Model YLR101-NA-15 (Vernier ‘ R-39538
|
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION 1 nLE oreosITE 1 )
SPEC. PAGE N
AFOL(694)-58 CCN50(N58-64MSN-20) | dree poeme
CCNGA4(N58-64MSN-2149 ) ‘ Other pages affected:
'5,6,11,14,08,69,70 & 71

6. PRODUCTION EFFECTIVITY;

NA336501 through NA336510 and NA336577 through NA336584 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 1.2 Classification

Change "525 pounds" to read "777 pounds."

NOTE:  Attachments I through IV issued with SCN 1 dated 1B June 1907 ure to be

retained for use with SCN1 dated 25 March 1964.

Form 608.8.8



BnoswErey™NY  SPECIFICATION CHANGFE NOTICE

Number_. _ __ _ V._.l..____.______‘
1) b

- Poge. . .= _ of

UNCLASSIFIED oge o
SECURITY e -
25 March 19064

CLASSIFICATION ( CONFIENTIAL ] Dote ;
SECRET N
u SUPERSEDES Dote 18 June 1903
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL ' 3 SPECIFICATION NO

Liquid Propellant Rocket Engine

A Q9
NA-MA5-9211 Model YLR101-NA-15 (Vernier)

: R-39538

4. CONTRACT

5. CONTRACTUAL AUTHORIZATION ‘ FILE OPPOSITE
SPEC PAGE NO 7
CCNSO{N58 -4 MSN-20 )
CONOL (N5B8—bUAMSN-214Y)

6. PRODUCTION EFFECTIVITY:

AFO4(0Y4)-58 " UOther puges affected:

1,6,11,4,068,00,70 & 71

NA350501 through NA330510 and NA336577 through NA330584 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.3 Estimates

1. Change "Fuel pressure 529 psia" to reud
"Fuel pressure 678 psia."

2. Change "LOX pressure 504 psia" to read
"LOX pressure bkb psia."

Form 608.8.8
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ROCKETIDY IWE

A DIVIBION OF NORTH AMERIZAN A AT DN 1N

Number.

1

'5

SPECIFICATION CHANGE NOTICE

[

Poge_ o~ of D
UNCLASSIFIED [_E] o

SECURITY 25 March 1904

CLASSIFICATION CONFIDENTIAL D Date

( SECRET ]

SUPERSEDES Date 18 June 1903

1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3 SPECIFICATION NO

Liquid Propellant Rocket Engine

- e Ys)
NA-MA5-92L1 Model YLR101-NA-15 (Vernier)

R~39538

4, CONTRACT

AF04( 694 )-58

S HLE OPPOSITE

- SPEC PAGENO O

Other pages affected: 1,
5,01,14,08,00 70 & 71

' 5. CONTRACTUAL AUTHORIZATION

!
CCN50(N58-64MSN-20)
CCONbY4(N58-b4MSN-2149)

6. PRODUCTION EFFECTIVITY:
NA3306501 through NA336510 and NA336577 through NA330L584 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
Table I YIR101-NA-15 Rating at standard sea level static conditions

Change Table I to read as follows:

Engine Engine  Engine Engine Engine Nominal Engine Engine
Thrust  instan- altitude altitude chamber mixture inlet
1bs. taneous (0 psia (0 psia pressure¢  ratio Pressures,
specific ambient) ambient) psia 0/ F pria
impulse  specific thrust
seconds, impulse, pounds
min. seconds, calculated
calculated minimum
(a) (b) min. (b) luel  Uxadizer
802 max.
YIR101-NA-15 777 187 208 925 UKL LLROAE G543 5h3
Tank-fed 752 Min.
(c¢) Pump-Fed 909 192 241 1081 04 1.72 UTR LAl

(a)
(b)

(c)

Engine thrust considered parallel to thrust chamber axais.
values are corrected to rated engine inlet conditions.
The average specific impulse of an individual engine, corrected to rated thrust,
mixture ratio, and engine inlet conditions, shall be equal to or greater than
the minimum specified.

The pump~fed ratings are estimated at nominal conditions and are for reference
only.

The engine thrust

form 608.8.8



X

BosuETnYNY:  SPECIFICATION CHANGE NOTICE

Nomh 1
4 b
IR, SENPVI S
UNCLASSIFIED Poge o
SECURITY 05 Ma
25 March 1964
CLASSIFICATION ( CONFIDENTIAL OJ dote _ 25 March 1964
SECRET
D SUPERSEDES Dote 18 June 1963
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL | 3. SPECIFICATION NO.

Liquid Propellant Rocket Engine
NA-MA5-92R1 Model YLR101-NA-15 (Vernierg

4. CONTRACT 5. CONTRACTUAL AUTHORIZATION

CCNsognss-buMSN-zb)

AF04 (694 )-58 CCN64 (N58-64MSN-2149)

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 and NA336577 through NA336584 only.

R-39538

| FILE OPPOSITE
, SPEC. PAGE NO 11

Other pages affected: 1,
5,0,11,14,68,09,70, & 71

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.10.2.3 Decrease

Change the tabulated information to read as follows:

Delay circuit Delay circuit
inactive active

min. 182 lb-sec min. 111 1lb-sec
max. 132 lb-sec max. 189 lb-sec

Form 608-8-8



mocxeTovNe  GPECIFICATION CHANGE NOTICE

A DIVISION C'F NORTR AMERICATN AGAT, 7N N2

Number____. 1
5 ¢ (8]
UNCLASSIFIED Poge  _ - . of . [
SECURITY o5 Ma
25 March 1904
CLASSIFICATION ( CONFIDENTIAL D Oate 2D N . -
SECRET X
D SUPERSEDES Date 18 June 19b4

J. SPECIFICATION NO.

2, NOMENCLATURE AND MODEL

1. FOR ECP NO.
Liquid Propellant Rocket Engine ‘ - s
NA-MA5-G2R1 Model YLR101-NA-15 (Vernierg R-395738
T4 CONTRACT | 5. CONTRACIUAL AUTHORIZATION T Hie orrosiTe 14
! ar Oh . SPEC PAGE NO
APO4 (094 )~58 gg:gggssg-gll::sb:-iﬁo) Other pages affected:
38- et 1,5,6,11,68,69,70 & 71

6. PRODUCT[OiN EFFECTIVITY:
NA336501 through NA336510 and NA330577 through NA336584 only

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.5 Drawings and data

Change YLR101-NA-15 MD Number Identification to incorporate MD1,

form 608-8-8



BeRSREERYNY: SPECIFICATION CHANGE NOTICE

Number___ 1
b b
UNCLASSIFIED i Poge—— ————ol——
SECURITY 25 March 19b4
CLASSIFICATION ( CONFIDENTIAL D Oote .
SECRET [:] SUPERSEDES Date 18 June 1903
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3 SMECIFICATION NO
Liquid Propellant Rocket Engine R-39538
NA-MA5-92R1 | Model YLR101-NA-15 (Vernierg
4. CONTRACT | 5. CONTRACTUAL AUTHORIZATION T meorositE 68 and as
: SPEC PAGENO L
AF04 (094 )-58 l CCNSO§N58—0&M§N—20) Other pages affected: 1,
| CONOA(NSB-OMMSN-0L49) 5011014,69,70 & 71

6. PRODUC™ ON EFFECTIVITY:

NA336501 through NA33,510 and NA330577 through NAT30584 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

As Noted
Page 68 Figure 1 Attachment 1
69 2 II
70 3 111
71 4 v

NOTE: Figures 1 through 4 which were issued as Attachmentw I through IV to
SCN]1 dated 18 June 1963 are to be retained for use with SUNI {revined)
dated 25 March 1964,

form 608.8.8



T st ™= SPECIFICATION CHANGE NOTICE

2

1 7
UNCLASSIFIED Poge —- o
SECURITY 25 March 1964
& CLASSIFICATION ( CONFIDENTIAL ] Dote <)
(Y) SECRET O SUPERSEDES Dot 10 September 19063
\Q 1. FOR ECP NO. 2. NOMENCIATURE AND MODEL i 3. SPECINICATION NO.
Q>\ Liquid Propellant Rocket Engine
NA-MA5-99R1 Model YLR101-NA-15 (Verniorg R-39538

NG |

4. CONTRACT 5. CONTRACTUAL AUTHORIZATION T e orosite l_‘ T

' | SPEC. PAGE NO

/“\ AF04(694)-58 CCN63(N58-04MSN-2148) Other pages affected:
RN 6,7,11,14,55,08,69 & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336585 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
Paragraph 1.2 Classification
Change the first sentence to read:

The rocket engine is a calibrated, fixed-thrust bipropellant rocket engine
with a nominal sea~level pump-fed rating of 669 pounds.

NOTE: Attachments I through III issued with SCN2 dated lb September 1963 are to
be retained for use with SCN2 dated 25 March 19b64.

form 608.8-3



s v amimem ™2 SPECIFICATION CHANGE NOTICE

0
Number had

2

< 7
UNCLASSIFIED Poge_ .~ _ ___of___ £ ___ __
CONFIDENTIAL O bote. __ 25 March 1964

( SECRET ]

SECURITY
CLASSIFICATION

SUPERSEDES Dote 10 September 1007

1. FOR ECP NO. 2. NOMENCLATURE AND MODEL ! J SPECIFICATION NO.
Liquid Propellant Rocket Enginc “
-MA5- -139538
NA-MA5-99R1 Model YLRI01-NA-15 (Vernier L R953
4. CONT;):(ET 5. CONTRACTUAL AUTHORIZATION T 3 "llE 6;POSITE T
SPEC. PAGE NO
AF04(694 )-58 CCNb3(N58-04MSN-2148) Other pages affected:

1,7,11,14,55,68,00 & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336585 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.3 Estimates

1. Change "Fuel pressure 529 psia"
to read "Fuel pressure 448 psia."

2. Change "LOX pressure 504 psia"
to read "LOX pressure 509 psia.”

Form 608-8.8



LoowernyNy: SPECIFICATION CHANGE NOTICE

Numbaer " —_—
‘ UNCLASSIFIED Poge Y
CLAZZIC:CRIAT;ON CONFIDENTIAL D bare 25 March 1904
( SECRET [] SUPERSEDES Dote 1o September 1963

1. FOR ECP NO. ' 2. NOMENCLATURE AND MODEL J. SPECIFICATION NO

!
| - . 9r 1S
MAR_ , Liquid Propellant Rocket Englno R-39538
NA-MA5-991L) | Model YLRIO1-NA-15 (Vernier
R '__, —_— e [ U -
;—CZ)NTR;CT ' 5. CONTRACTUAL AUTHORIZATION ' FILE OPPOSITE -
' SPEC PAGE NO [
AFO4({694 )-58 I CCNbF(N58-64MSN-2148) Other pages affected:

6. PRODUCTION EFFECTIVITY:

1,6,11,14,55,08,09 & 71

NA336511 through NA336576, and NA336585 and subsequent

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

u

—NA- i L 8 rd _sea-level static conditions

Change Table I to read as follows:

Engine Engine Engine Engine Nominal Engine Engine
Thrust instan—~ altitude altitude chamber  mixture inlet
1bs taneous (0 psia (0 paia pressure, ratio Presxures,
specific ambient) ambient) psia 0/F paia
impulse, specific thrust
seconds , impulse, pounds,
min. seconds, calculated
calculated minimum
(a) (b) min. (b} Fuel  Oxidiszer
(¢) Tank-Fed 525 171 221 098 207 1.80 335 390
Pump—Fed 030 e 180 220 811 250 1.7204%  AhE 500

(a) Engine thrust considered parallel to thrust chamber axix. The engine thruxt
values are corrected to rated engine inlet conditions.

(b) The average pump-fed specific impulse of an individual engine, corrected to
rated thrust, mixture ratio, and engine inlet conditionx, shall be cqual to
or greeter than the minimum specified.

(c) The tank-fed ratings are estimated and are for reference only.

Form 608-8-8



oK ETEY™ SPECIFICATION CHANGE NOTICE

2

Number . &
4 o1
UNCLASSIFIED Poge . ———ob -4 -
SECURITY a )
CLASS “ICATION ( CONFIDENTIAL ] vote 25 March 1964
SECRET L] SUPERSEDES Dore 10 September 1903
1. FOR ECP NO. | 2. NOMENCLATURE AND MODEL o 7 3 SPECIFICATION NO.
| Liquid Propellant Rocket Engine 5
-MA5- | . ~39538
NA-MA5-99R1 © Model YLR101-NA-15 (Vornlor§ R=3953
|
I
T4 CONTRACT . 5. CONTRACTUAL AUTHORIZATION Fue orrOSITE 1
! SPEC PAGE N
AFOL4(094)-58 CCNU3( NSB~LUMSN-21438) Uther pages affected:

6. PRODUCTION EFFECTIVITY:

NA3306511 through NA330570, and NA336585 and subsequent.

7. EFFECT OF CHAMNGE ON SPECIFICATION CONTENT:

Paragraph 3.3 10.1.1 Mixture ratio

Change the paragraph to read:

The mixture ratio shall be controllied within safe operating limits duraing
mainstage operation and during thrust increase and decrease. The safe
operating mixture ratio limits are specified ax 1.0 to 1.95.

(1) Pump-fed operation: The YLRIO1-NA-15 mixture ratio ix dependent
upon the YIR105-NA-7 rated performance.

(2) Tank-fed operation: Nominal mixture ratio shall be asx specified 1n
Table I.

Paragraph 3.3 10.2 Thrust

Change the paragraph to read:
There are no intermediate controlled-thrust settings.

(1) Pump-fed operation: The thrast limits specified 1n Table I are
dependent upon the YLR105-NA-7 rated performance.

(2) Tank-fed operation: Nominal thrust xhall be as specified in Table 1.

form 608-8-8

1,6,7,14,55,68,09 &% 71



4

INROCKETIDY WE:

ﬁ A DIVISUON S0 NORTH ANME N 235 A 8" BEREN
0
Number . . .5 _ . __

- ’

UNCLASSIFIED o9
SECURITY
CLASSIFICATION ( CONFIDENTIAL D Dote
SECRET

[:] SUPERSEDES Date

' 2. NOMENCLATURE AND MODEL

1. FOR ECP NO.

Liquid Propellant Rocket Engine
NA-MA5-99R1 Model YLR101-NA-15 (ernivrg

i
|
|
{
i

4, CONTRACT . 5. CONTRACTUAL AUTHORIZATION

AFO4{ 694 ) -58 CONOI(NSB-O4MIN-2144)

6. PRODUCTION EFFECTIVITY:

NA336511 through NA330576, and NARF06585 and subsequent

7 EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3 5 Drawing and data

SPECIFICATION CHANGE NOTICE

R 5 of 7
25 March 1904

16 September 1903

3 SPECIFICATION NO

R-39538

FILE QPPCSITE )
SPEC PAGE NO 11

Other pages affected:
6,7.11,55,08,00 & 71

Change YLR101-NA-15 MD Number Identification to ancorporate MDI.

Form 608-8.8



REEETRY N SPECIFICATION CHANGE NOTICE

Number _. .. =
’ b X
UNCLASSIFIED X og¢ - eob b e
SECURITY
25 March 19bh
CLASSIFICATION ( CONFIDENTIAL O Date ’ :
SECRET D SUPERSEDES  Dave 16t September 1903
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3 SPECIFICATION NO

1 Liquid Propellant Rocket Engine

R-349538

NA-MA5-99R1 - Model YLRIO1-NA-15 (Vernicer)

-v4._”C6NTRACT S ‘¥5‘ A‘C(;NTRAC;JAL AUTHORIZAVTlorN FILE OPPOSITE ~r )
: SPEC PAGE NO 2}

AFPO4 (694 )-58 CONLF(N5B-6AMSN-L148) Uther pages affected:

1,0,7,11, 14, 08,69, & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336570b, and NA330585 and =ubsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 4.2.4 (5152)

Change "tank-fed" to read "pump-fed” 1n linex two und eaght

Change last sentence to read "lhe tank-fed ratings, except cutoff wmpulse
shall not be demonstrated or reported.”

Form 608-8.8



ROCKETIDYMNE:

A DIVIBION OF NORTH AMERIZAN AL A" e

SPECIFICATION CHANGE NOTICE

2]

Number__ ___ .= .

7 -

‘

UNCLASSIFIED [3 Poge —et .
SECURITY o .
25 March 1964
CLASSIFICATION CONFIDENTIAL D Date .

SECRET

U

1. FOR ECP NO. ' 2. NOMENCLATURE AND MéDE-l 7

Ju p » (
SUPERSEDES Dore 10 September 1967

) SPECIFICATION NO

Liquid Propellant Rocket Engine R-39538
NA-MA5-991t1 ' Model YLRIOI-NA15 (Vernice)
" 4. CONTRACT © 5. CONTRACTUAL AUTHORIZATION ALE OMOSITE LR & ax noted.
SPEC PAGE NO
AFOIA(()%)—SB : CCNO3( N5B-6AMSN—2148 ) Other pages affected:

1,0,7,11,14,55,09 & 71
6. PRODUCTION EFFECTIVITY: '

NA3356511 through NA330570, and NA336585 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
As noted

Page OB

Figure 1 Attachment [
09 2 [1
N 4

198

NOTE: VFigures 1, 2, and 4 which were ixsued as Attachments 1 through 111 to
SCN2 dated 10 September 1903 are to be retained fur use with SN
(revised) dated 25 March 1964

Fore: 608-8-8



FOR ERRATA

0. 209534

THE FOLLOWING PAGES ARE CHANGES

T0 BASIC DOCUMENT




N e %= SPECIFICATION CHANGE NOTICE

- 2
™ UNCLASSIFIED IZI Page of
SECURITY =
196
\0 CLASSIFICATION CONFIDENTIAL O bote_ 16 September 1963
0\ SECRET D SUPERSEDES Date
Q _
‘3\ 1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
ﬁ% NA-MA5-99 Model YLR101-NA-15 (Vernier% R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO.. 1
_670) Other pages affected: 6,
AFO4(69%)-58 CON 56 (N58-639) 2.11,14,55,68,69 and 71

6. PRODUCTION EFFECTIVITY:

NA 336511 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 1.2 Classification

Change the first sentence to read:

The rocket engine is a calibrated, fixed-thrust bipropellant rocket engine
with a nominal sea-level pump-fed rating of 669 pounds.

‘m 608.8.8

409534



RO CKETDYNE

o nonrn s . SPECIFICATION CHANGE NOTICE

SECURITY
CLASSIFICATION

Numb 2
UNCLASSIFIED E Page 2 of 7
CONFIDENTIAL D pote_16_September 1963
SECRET [ SUPERSEDES Date

3. SPECIFICATION NO.

1. FOR ECP NO. ' 2. NOMENCLATURE AND MODEL
Liquid Propellant Rocket Engine _
NA-MA5-99 Model YLR101-NA-15 (Vernlerg R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO.
AF04(694)-58 CCN 56 (N58-639) Other pages affected:

7,11,1%,55,68,69 and 71 '

6. PRODUCTION EFFECTIVITY:

NA336511 and subsequent

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph

3.3.3 Estimates

1.

"

Form 608-8-8

Change "Fuel pressure 529 psia"
to read "Fuel pressure 448 psia."

Change "10X pressure 504 psia"
to read "LOX pressure 509 psia."




P

e L L O -

Sy TSx.  SPECIFICATION CHANGE NOTICE
C .

3 7
UNCLASSIFIED [x Poge o
SECURITY 16 September 1963
CLASSIFICATION CONFIDENTIAL ] Date. P %
SEcrer [::] SUPERSEDES Date
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA-MA5-99 Model YLR101-NA-15 (Vernierg R-3953S
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO.
~ Other pages affected: 1,
AF04(694)-58 CCN 56 (N58-639) 6,11,1%,55,68,69 and 71
6. PRODUCTION EFFECTIVITY:
NA336511 and subsequent
7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
Table I YIRIC1-NA-15 Rating at standard sea-level static conditions
{ Change Table I to read as follows:
Engine Engine Engine Engine Nominal Engine Engine
thrust  instan-  altitude altitude chamber mixture inlet
1bs taneous (0 psia (0 psia pressure, ratio pressures,
specific ambient) ambient) psia 0/F psia
impulse, specific thrust
seconds, impulse, pounds,
min, seconds, calculated
calculated minimum
{a) (») min. (b) Fuel Oxidizer
(c) Tank-fed 525 171 221 698 207 1.80 335 390
699 Max
Pump-fed 180 226 811 250 1.72+4% 448 509
639 Min

(a) Engine thrust considered parallel to thrust chamber axis. The engine thrust
values are corrected to rated engine inlet conditions.

(b) The average pump-fed specific impulse of an individual engine, corrected to
rated thrust, mixture ratio, and engine inlet conditions, shall be equal to
or greater than the minimum specified.

(c) The tank-fed ratings are estimated and are for reference only.

Form 608-8-8




ROCKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION, INC.

2

UNCLASSIFIED E]

SECUNITY
CLASSIFICATION CONFIDENTIAL ]

SECRET ]

SUPERSEDES Date

SPECIFICATION CHANGE NOTICE

b 7

" 16 September 1963

1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA MA5-99 Model YIR101-NA-15 (Vernierg R-39538
4. CONTRACT 5. CO {TRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO. 11
- Other pages affected: 1

A - - ’

F04(694)-58 CCN 56 (N58-639) 6,7,1%,55,68,69 and 71

6. PRODUCTION EFFECTIVITY:

NA336511 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.10.1.1 Mixture ratio

Change the paragraph to read:

The mixture ratio shall be controlled within safe operating limits during

mainstage operation and during thrust increase and decrease.

The safe

operating mixture ratio limits are specified as 1.6 to 1.95.

(1) Pump-fed operation:
the YLR105-NA-7 rated performance.

(2) Tank-fed operation:
Table I.

Paragraph 3.3.10.2 Thrust

Change the paragraph to read:

The YLR101-NA-15 mixture ratio is dependent upon

Nominal mixture ratio shall be as specified :n

There are no intermediate controlled-thrust settings.

(1) Pump-fed operation: The thrust limits specified in Table I are
dependent upon the YLR105-NA-7 rated performance.

(2) Tank-fed operation: Nominal thrust shall be as specified in Table I,

Form 608-8-8
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e e TS SPECIFICATION CHANGE NOTICE

c 2

5 7
UNCLASSIFIED [x] Page. of.
SECURITY
CLASSIFICATION CONFIDENTIAL ] Date_160 Septembgr 1963
SECRET D SUPERSEDES Date.
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA-MA5-99 Model YIR101-NA-15 (Vemier% R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO. 14
AFOL(694)-58 CCN 56 (N58-6 Other pages affected: 1,

6. PRODUCTION EFFECTIVITY:

NA336511 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.5 Drawing and data

Change YLR101-NA-15 MD Number Identification to incorporate MD2

Form 608-B-8
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mocxETDVNE  gPECIFICATION CHANGE NOTICE

A DIVIBION OF NORTH AMERICAN AVIATION, INC.

_— 2
6 7
UNCLASSIFIED [x] Page. of
SECURITY 16 September 1963
CLASSIFICATION CONFIDENTIAL ] Date P
SECRET D SUPERSEDES Date
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL | 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA-MA5-99 Model YLR101-NA-15 (Vernierg R-3953S
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
. SPEC. PAGE NO. DD
_ Other pages affected: 1,
_ AFOL(694)-58 CoN 56 (N58-639) 6,7,11,14,68,69 and 71

6, PRODUCTION EFFECTIVITY:

NA-336511 and subsequeut.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 4.2.% (5152)

Change "tank-fed" to read '"pump-fed" in lines two and eight.

Change last sentence to read "The tank-fed ratings, except cutoff impulse
shall not be demonstrated or reported.”

Form 608-8.-8




C A e < 0

ol uETDYS®  SPECIFICATION CHANGE NOTICE
C 2

7 7
UNCLASSIFIED x] Poge. of
SECUMITY 16 September 1963
CLASSIFICATION CONFIDENTIAL [ Dote. P
SECRET D SUPERSEDES Date
1. FOR ECP NO. 2, NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA-MA5-99 Model YIR101-NA-15 (Vernierg R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO. 68 & as noted.
. Other pages affected 1
AFOL4(694)-58 CCN 56 (N58-6 pag ’
4(694)-5 o 56 (N58-639) 6,7,11,14,55,69 and 71

6. PRODUCTION EFFECTIVITY:

NA336511 and subsequent

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

As noted

Replace Figure 1, 2 and 4 with Figures 1, 2, and 4 revised* to reflect
incorporation of MD2, made a part hereof as Attachments I through III

* NOTE: The revised figures attached are as follows:

Page 68 Figure 1 Attachment I
69 2 I1
71 4 III

Form 608-8-8
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ROCKEIDY NE:

A DIVISION OF NORTH AMERICAN AviATICN 1M,
SCN 2
Attichment 11
R-29338 Page 69

700
REVISED TO REFLECT DESIGN
| POINT
INCORPORATION OF MD2 (POMP-FED)
4130
600
4128
3 DESIGN =
e PONT 3
o (PUMP-FED) &
) 126 &
@ w
= w
PONT 3
(TANK-FED) —
500 1 .24 ¢»
=
&
T
THRUST COEFFICIENT =
q1.22
[}
DESIGN
POINT
(TANK-FED) +1.20
400
190 200 210 220 230 240 250 260
CHAMBER NOZZLE STAGNATION PRESSURE, PSIA
FIGURE 2
ESTIMATED SEA-LEVEL THRUST AND THRUST COEFFICIENT
VERSUS

CHAMBER NOZZLE STAGNATION PRESSURE

YLR 101- NA-IS THRUST CHAMBER
(NOZZLE EXPANSION AREA RATIO 5.6:1)

Form 608-8 (Vellum) Rev. 1.58




ROCKETDYNE

& DIVISION OF NORTH AMBRISAN AVIATION, NG

As of 21 October 1963

SPECIFICATION CHANGE INDEX

Specification No. R-39538

SCN No. MA5- SCN Date Pages
ECP No. Affected
1 92 18 Jun 1963 1, 6, 7, 12,
14, 68, 69
70, 71
2 99 16 Sep 1963 1, 6, 7, 11
1"’ 55, 68’
69, 70, 71

PFORM 0080 PLATE REV. 1.08

Item Affected

YLR101-NA-15
MD Ident No.

Subject

1

Provisions for YLR101-NA
15 Vernier Engine Thrust-
level Increase.

Replacement of YLR101-
NA-15 Vernier Engine
Thrust Chamber Injector
Agsembly.

ii-b




ROCKETIIDYNE

A DIVIRION OF NORTH AMERICAN AVIATION (M
SCN 2
Attachment 11T
R-39538 Page 71

204 I I I
REVISED TO REFLECT
INCORPORATION OF MD2
200
196
(]
YV ]
w
w
9 192
=
[«
=
o DESIGN POINT
[&)
w
[« W
[72]
184
180 DESIGN POINT
(TANK—FED)
176
o 200 400 600 800 1000 1200
THRUST, LB
FIGURE 4
ESTIMATED SEA LEVEL SPECIFIC IMPULSE
VERSUS
THRUST

YLR 10I=NA-15 THRUST CHAMBER

Form 608-8 {Vellum) Rev. 1-58




FOR ERRATA

AD
409534

THE FOLLOWING PAGES ARE CHANGES

TO BASIC DOCUMENT



ROCKETDYNE

A DIVISION OF NORATH AMERICAN AVIATION. ING.

-

{ As of 3 July 1963

SPECIFICATION CHANGE INDEX

Specification No. R-3953S

Item Affected

AD Hog 5 3%

MA5 Pages YIR101-NA-15
SCN No. ECP No. SCN Date Affected MD Ident. No.
1 92 18 June 1963 1, 6, 7, 12, 1
14, 68, 69,
70, 71

Following is the subject of the above change:

SCN No.

Thrust-level Increase, YLR101-NA-15 Vernier Engine; Provisions for
‘I .

rune $08-8 PLATE REV. 1.88



F % SPECIFICATION CHANGE NOTICE

OF NORTH

Nomh 1
1 6
UNCLASSIFIED [x] Page of.
SECURITY
CLASSIFICATION CONFIDENTIAL H ' bare 18 June 1963
SECRET D SUPERSEDES Date
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
NA-MA5-92 Liquid Propellant Rocket Engine R-3953S
Model YLR101-NA-15 (Vernierg
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO. 1
‘ ~ Other pages affected:
AF04(694)-58 CCN50(N58-64MSN26 ) 6,7,12,1k,68,69,70,71

6. PRODUCTION EFFECTIVITY,

NA336501 through NA336510 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 1.2 Classification
Change "525 pounds" to read "777 pounds."

Form 608-8-8
sec



S emN e SPECIFICATION CHANGE NOTICE

o 1
2 6
UNCLASSIFIED X Page of.
SECURITY ‘ 18 J 1
CLASSIFICATION CONFIDENTIAL J poe_18 June 1963
| SEcwst D SUPERSEDES Date
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
NA-MA5-.92 Liquid Propellant Rocket Engine R-39538
Model YLR101-NA-15 (Vemierg ‘
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE.
SPEC. PAGE NO. 6
AF04(694)-58 CCN50(N58-64MSN26 ) Other pages affected:
1,7,12,14,68,69,70,71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.5 Estimates

1. Change "Fuel pressure 529 psia" to read
"Fuel pressure 678 psia."

2. Change "LOX pressure 504 psia™ to read
"LOX pressure 646 psia."

Form 608-B-8



e M= SPECIFICATION CHANGE NOTICE

Numb 1
UNCLASSIFED x page—3 of 6
SECURITY
CLASSIFICATION CONFIDENTIAL [ Date. 18 June 1963
Stcher D SUPERSEDES Date
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
NA-MA5-92 Liquid Propellant Rocket Engine R-39538
Model YLR101-NA-15 (Vernierg
4. CONTRACT 3. CONTRACTUAL AUTHORIZATION FILE OPP~"""E
SPEC. PAGE NO. 7
AF04 (694 )-58 CCN50(N58-64MSN26 ) Other pages affected:

' 1,6,12,1%,68,69,70,71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Table T YLR1(G1-NA-15 Rating at standard sea-level static conditions

Change Table I to read as follows:

Engine Fngine Engine Engine Nominal Engine Engine
thrust instan- altitude altitude chamber mixture inlet
lbs. taneous (0 psia (0 psia pressure, ratio pressures,
specific ambient) ambient) psia O/F' psia
impulse, specific thrust
seconds, impulse, pounds,
min. seconds, calculated
calculated minimum
(a) () min. (b) Fuel  Oxidizer
802 Max.
YLR101-NA-15 777 187 228 925 282 1.80t4% 543 543

Tank-fed 752 Min.

(¢) Pump-fed 909 192 241 1081 322 1.72 678

(a) Engine thrust considered parallel to thrust chamber axis. The engine thrust
values are corrected to rated engine inlet conditions.

646

(b) The average specific impulse of an individual engine, corrected to rated thrust,
mixture ratio, and engine inlet conditiona, shall be equal to or greater than

the minimum specified.

(¢) The pump-fed ratings are estimated at nominal conditions and are for reference

only.
Form 608-8-8



e e e = SPECIFICATION CHANGE NOTICE

A DIVISION OF NORTH AMERICAN AVIATION, ING.

Numb 1

" UNCLASSIFED x] Page. 4 of 6

SECURITY CONFIDENTIAL D pate_18 June 196

CLASSIFICATION

| SECHE [:I SUPERSEDES Date
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL | 3. SPECIFICATION NoO.
NA-MA5-92 Liquid Propellant Rocket Engine R-39538
Model YILR191-NA-15 (Vemierg
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
. SPEC. PAGE NO. 12
) i ‘ Other pages affected:
AF04 (694 )-58 CCN50 (N58-64MSN26 ) 1,6,7,1%,68,69,70,71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 only

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragreph 3.3.10.2.3 Decrease

Chauge the tabulated information to read as follows:

Delay circuit Delay circuit
inactive active

min. 82 lb-sec min. 111 1b-sec

max. 132 1b-sec max. 189 lb-sec

Form 608-8-8



ROCKEITDYNE

A DIVIBION OF NORTH AMERICAN AVIATION, INC.

SECURITY
CLASSIFICATION

Numb 1

UNCLASSIFIED Ij

CONFIDENTIAL D

SECRET O

SUPERSEDES Date.

e
<

SPECIFICATION CHANGE NOTICE

5 of. 6

18 June 1963

1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
NA-MA5-92 Liquid Propellant Rocket Engine R-3953S
Model YLR101-NA-15 (Vernierg
4, CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
SPEC. PAGE NO. 14
. - Other pages affected:
AF0L (69% )-58 CCN50(N58-6LMSN: pag
(69%)-5 50(¥5 26) 1,6,7,12,68,69,70,71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.5 Drawings and data

Change YLR101-NA-15 MD Number Identification to incorporate MDl.

Form 608-B-8



e v e .. SPECIFICATION CHANGE NOTICE

Numb 1
UNCLASSIFIED X Page 6 of 6
SECURITY
CLASSIFICATION CONFIDENTIAL D Date. 18 June 1963
Secher O] SUPERSEDES Date.
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
NA-MA5-92 - Liquid Propellant Rocket Engine R-39538
Model YLR101-NA-15 (Vernierg
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION HLEOPIOSIE oo ted.
Other pages affected:
AF04 (69%)-58 CCN50 (N58-64MSN26 ) 1,6,7,12,14,69,70,71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
As noted

Replace Figures 1 through 4 with Figures 1 through 4 revised* to
reflect incorporation of MDl, made a part hereof as Attachments I
through IV,

*¥NOTE: The revised figures attached are as follows:

Page 68 Figure 1 Attachment I
69 2 I1
70 3 I1I
71 4 Iv

Form 608-B-8
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Attachment I
R-3953S Page 68
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ROCKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION, INC

SCON 1
Attachment II
R-39538 Page 69

f
1000 ;
i
Revised fo reflect f
‘ incorpordtion of MD1
| 136
900 DESIGN POINT ~—
| (PUMP FED)
<135
m
- GN POINT =
- FED) 134 Z
3 o
x o
I w
800 133 Q
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(TANK FED) %
) E
THRUST COEFFICIENT die T
/’ DESIGN POINT
(TANK FED) A3
700} |
130 |

280 290 300 310 320 330
CHAMBER NOZZLE STAGNATION PRESSURE, PSIA

FIGURE 2

ESTIMATED SEA-— LEVEL THRUST AND THRUST COEFFICIENT

VERSUS
CHAMBER NOZZLE STAGNATION PRESSURE

YLR 10— NA-IS MD | THRUST CHAMBER




ROCKETDYNE

A DIVISBION OF NORTH AMERICAN AVIATION, INC

SCN 1
Attaclhment III
R-39538 Page 70
4860
Revised §o reflect
incorpor
o 4850
7 DESIGN POINT
~ (PUMP FED) |
E
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THRUST, LB
FIGURE 3
ESTIMATED CHARACTERISTIC VELOCITY
VERSUS

SEA LEVEL THRUST
YLR 10I-NA-I5 MDI THRUST CHAMBER
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ROCKETDYNE

A DIVISION OF NORTM AMERICAN AVIATION, INC

YLR 10I1-NA-15 MD| THRUST CHAMBER

SCN 1
Attachment IV
R-39538 Page 71
206
-Roviled o reflec
' incorporgtion of MPl
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FOR ERRATA

409534

THE FOLLOWING PAGES ARE CHANGES

T0 BASIC DOCUMENT



AD-4oq 534

409534

mocx=TDVNE  SPECIFICATION CHANGE NOTICE

OF NORATH AVIATION. ING.
ook 2
1 1
( UNCLASSIFIED E Poge. ot
SECURITY
CLASSIFICATION ( CONPMOBNTIAL D Dete. 12 Septellher IQGA
secrer D SUPERSEDES Dote 23 March 1964
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPRCIFICATION NO.
_MAR-. Liquid Propellant Rocket ine
NA-MA5-99R1 Model YLR101-NA-15 (Vernier R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION me orosITt 68 & asa
SPEC. PAGE NO. | b 0d .
AF04(694 )-58 CCNE7 (N58-SSD65MSN-576) Other pages affected:
( 1,6,72,11,14,55.69 & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336581 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

As poted
Page 68 Figure 1 Attachment I
69 2 II
71 4 IIx

NOTE: Figures 1, 2, and 4 which were issued as Attachments I through III to
SCN2 dated 16 September 1963 are to be retained for use with SCN2
(revised) dated 17 September 1964.

form 408-85-8




.
u ROCKRETDYNIE A DIVISION OF NORTHN AMERICAN AVIATION. INC

4

¥

SPECIFICATION CHANGE INDEX
Specification No. R-39538

SCN MAS5 SCN Date Pages
No. ECP No. Affected
g 1 9281 17 Sept. 1964 1,6,7,
12,14,68,
69,70,71
§ 2 99R1 17 Sept. 1964 1,6,7,11,
14,55,68,
69,70,71
3 102R1 10 June 1964 14

§ Denotes changes to the Specification Change Index.

Item Affected
YLR101-NA-15

MD Ident. No.
1

17 September 1964

Subject

Provisions for
YLR101-NA-15%
Vernier Engine
Thrust—-level In-
crease.

Replacement of
YLR101-NA-15%
Vernier Engine
Thrust Chamber
Injector Assembly.

Addition of
YLR101-NA-15
Vernier Engine
Torque Striping.




(]

u ROCKETDYINE
'y or LY

SPECIFICATION CHANGE NOTICE

Neah 1
1 6
UNCLASSIFRD X o
secumy : 17 September 1964
CLASSIFICATION CONFIDENTIAL D 4
seceer O sremstors bue_ 25 March 1964
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine _
NA-MA5-92R1 Model YLRIO1-NA-15 (Vernier| R-395338
4. CONTRACY S. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
) seec. PAGE NO. ]
ccusoénse-&usu—% Other ffected:
AFO04( 694 )-58 pages affecte
(694)-5 CCN68(N58-SSDESMSN-577) 5,6,11,14,68,69,70,71

6. PRODUCTION' EFFECTIVITY,

NA336501 through NA336510 and NA336577 through NA336580 only.

7. EFPECT OF CHANGE ON SPECIFICATION CONTENT,

Paragraph 1.2 Classification
Change "525 pounds" to read "777 pounds."

NOTE: Attachments I through IV issued with SCN 1 dated 18 June 1963 are to be
retained for use with SCN1 dated 17 Septenber 1964.

Form 408-8-8



IR mccx=Towrv=  SPECIFICATION CHANGE NOTICE

Nemb 1
2 o b
UNCLASSIMED xj Pope_—=
securiTY
pee_17 September 1964
CLASSIFICATION CONFMDENTIAL D 17 September 1964
secaet D SOPERSEDES Dur 25 March 1964 ‘
1. FOR ECP NO. 1. NOMENCLATURE AND MODEL 3. SPECINCATION NO. !
CMAR Liquid Propellant Rocket Engine _
NA-MA5-92R1 Model YLR101-NA-15 (Vernie:g R-39538
4. CONTRACT 5. CONTRACTUAL AUTHOMZATION nLe omouITE 5
CCN50(N58-64MSN-26) :
AF04( 694 )-58 CCN68§N58-SSD65MBN—577) Other pages affected:
1,6,11,14,68,69,70 & 71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 and NA336577 through NA336580 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.3 Estimates

1. Change "Fuel pressure 529 psia" to read
"Fuel pressure 678 psia."

2. Change "LOX pressure 504 psia" to read
"LOX pressure 646 psia.”

Form 608-3-0
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m ROCKETDYMNE
A or L9

SECURITY
CLASSIFICATION

Nuab 1

e B

. CONPIDENTIAL D

( SECRET O

SPECIFICATION CHANGE NOTICE

Pooe. 3 o 6

oere. 17 September 1964

SUPERSEDES Dote__ 20 March 1964

1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA-MA5-92R1 Model YLR101-NA-15 (Vernies R-39538
e [
4, CONTRACT 5. CONTRACTUAL AUTNO.IIA‘EN ;l'l:cou"g:"NO 6
AFO4(694)-58 332(3&?3:3;»’?’;;&1577) Other pages affected:
1,5,11,14,68,69,70 & 71

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 and NA336577 through NA336580 only.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Table I YIR101-NA-15 Rating at standard sea level atatic conditions

Change Table I to read as follows:

Engine Engine Engine Engine Engine Nominal Engine Engine
Thrust instan- altitude altitude chamber mixture inlet
1bs. taneous (0 psia (0 psia pressure ratio pressures,
specific ambient) ambient) psia 0/F psia
impulse specific thrust
seconds, impulse, pounds
min. seconds, calculated
calculated minioum
min. (b)
802 max.
YLR101-NA-15 777 187 228 C925 282 1.80%h%
Tank~fed 752 min.
(c) Pump-Fed 909 192 241 1081 322 1.72

(a) Engine thrust considered parallel to thrust chamber axis.
values are corrected to rated engine inlet conditions.

(b) The average specific impulse of an individual engine, corrected to rated
thrust, mixture ratio, and engine inlet conditions, shall be equal to or
greater than the minimum specified.

(c) The pump-fed ratings are estimated at nominal conditions and are for
reference only.

The engine thrust

Form 608-8-8




RocxeExDYNE  SPECIFICATION CHANGE NOTICE

i o
P - 1
4
( UNCLASSIFIED ] o w8
cu::f::xon CONFIDENTIAL 0 o 17 September 1964
( Secrer D supeaseoes pare_ 20 March 1964
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL J. SPECIMCATION NO.
NA-MA5-92R1 ﬁﬁﬁidﬁ’iiﬁﬁii’.‘l’s“‘(’%ﬁiﬁi" ne R-3953S
4. CONTRACT 5. CONTRACTUAL AUTNO'IIAY;ON ;l'l:co":g:":o 11
AT (69156 CEae{N35-Sabsman577) thher phess aifested:

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 and NA336577 through NA336580 only.

& /1

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
Paragraph 3.3.10.2.3 Decrease

Change the ta!gulated information to read as follows:

Delay circuit Delay circuit
inactive active

min. 182 lb-sec min., 111 lb-sec
max. 132 lb-sec max, 189 lb-sec

form 608-8-8




{

RocxExrovNE  SPECIFICATION CHANGE NOTICE

OF NORTH »e,
N 1
6
UNCLASSIPIED x] - ol
SECURITY
CLASSIMCATION CONPFIDENTIAL D Oste 17 sgpte-ber 196"
secaer O SUPERSEDES Dore__ 2D March 1964
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket ine
NA-MA5-92R1 Model YLR101-NA-15 (Vernier R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
CCN50(N58-64MSN-26) srec. ot No. - 14
AF04(694)-58 2 SN Other pages affected:

6. PRODUCTION EFFECTIVITY:

NA336501 through NA336510 and NA336577 through NA336584 only

7. EFFECT OF CHANGE Oti SPECIFICATION CONTENT:

Paragraph 3.5 Drawings and data

Change YLR101-NA-15 MD Number Identification to incorporate MD1.

form 408-5-8




X

[R 2ccx=Tovrve=  SPECIFICATION CHANGE NOTICE

Numb 1
. 6 6
. UNCLASSIFED X ’ Poge. o
SECURITY S 1 6&
CLASSIFICATION ( CONFIDENTIAL O Dete. 17 September 19
secrev O] sureaseoes Daie_ 25 March 1964
1. POR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket ine
NA-MA5-92R1 Model YLR101-NA-15 (Vernier R-3953S
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION ;l'l!lc o::g:n:o 68 and as
CCN50(N58—-64MSN-26) ) - noted:
AFOL(69%4)-58 % Other s affected:
CCN68(N58-SSD65MSN- pages allected:
5 > 577) 1,5,6,11,14,69,70 &
6. PRODUCTION EFFECTIVITY: 71
NA336501 through NA336510 and NA336577 through NA336580 only.
7. EFFECT OF CHANGE ON SPECIFICATION CONTENT: - -
As Noted
Page 68 Figure 1 Attachment I
69 2 1I
70 3 II1
71 4 v

NOTE: Figures 1 through 4 which were issued as Attachments I through IV to
SCN1 dated 18 June 1963 are to be retained for use with SCN1 (revised)
dated 17 September 1964.
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SECURITY CONFIDENTIAL D bete_ 17 September 1964

CLASSIFICATION (
sem O suresseoes owe_ 25 March 1964
1. FOR ECP NO. 2, NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine _
NA-MA5-99R1 Model YIRI01-NA-15 (Vermier) R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION MLE OPPOSITE 1
D6 MSN 576) SPEC. PAGE NO.
AFP04(694)-58 CCN67(N58-SSD65MSN- Other pages affected:
'6,7,11,14,55,68,69 & 71

6. PRODUCTION EFFECTIVITY;

NA336511 through NA336576, and NA336581 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 1.2 Classification

Change the first sentence to read:

The rocket engine is a calibrated, fixed-thrust bipropellant rocket engine
with a nominal sea-level pump~fed rating of 669 pounds.

NOTE: Attachments I through III issued with SCN2 dated 16 September 1963 are to
be retained for use with SCN2 dated 17 September 1964.
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SECURITY s 1964
CLASSIFICATION ( CONFHIDENTIAL O o 17 Septemper 19
SECRET D surERstoEs Dot 2D March 1964
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket ine R-39513S
NA-MA5-99R1 Model YLR101-NA-15 (Vernier .
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FiLE OPPOSITE
SPEC. PAGE NO. 6
AF04 (694 )-58 CCN67(N58-SSD65MSN-576) Other pages affected:
1 11,14,55,68,69 & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336581 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.3 Estimates

1. Change "Fuel pressure 529 psia"
to read "Fuel pressure 448 psia."

2. Change "LOX pressure 504 psia"
to read "LOX pressure 509 psia."
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Nomb 2
3 7
UNCLASSIFIED X ot
SecumiTy 17 September 1964
CLASSIFICATION ( CONFDENTIAL D P
secer O sorerseoes ban. 25 March 1964
1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECIFICATION NO.
Liquid Propellant Rocket ine
NA-MA5-99R1 Model YLR101-NA-15 (Vernier R-39538
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE -
SPEC. PAGE NO.
AF04(694)-58 CCN67(N58-SSD65MSN-576) Other pages affected:

1,6,11,14,55,68,69 & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336581 and subsequent

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:
Table I YLRIO1-NA-15 Rating at standard sea-level static copditions
Change Table I to read as follows:

Engine Engine Engine Engine Nominal Engine Engine
Thrust instan— altitude altitude chamber mixture inlet
1bs taneous (0 psia (0 psia pressure, ratio pressuren,
specific ambient) ambient) peia o/F paia
impulse, specific thrust
seconds, impulse, pounds,
min. seconds, calculated
calculated minimum
(a) (b) mip. Fuel Oxidizer
(¢) Tank-Fed 525 171 221 698 207 1 80 335 390
Pump—Fed 2‘;3 WX 180 226 811 250 1.72:4% 448 509

(a) Engine thrust considered parallel to thrust chamber axis.
values are corrected to rated engine inlet conditions.

The engine thrust

(b) The average pump-fed specific impulse of an individual engine, corrected
to rated thrust, mixture ratio, and engime inlet conditions, shall be
equal to or greater than the minimum specified.

(c) The tank-fed ratings are estimated and are for reference snly.

form 608-8-8
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CLASSIFICATION ( CONFIDENTIAL O Doe. 17 September 1964
secter O SUPERSEDES  Date 25 March 1964
1. FOR ECP NO. 2. NOWENCLATURE AND MOOH 3. SPECIFICATION NO.
Liquid Propellant Rocket Engine
NA-MA5-39R1 Model YLR101-NA-15 (Vernier R-3053S
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE
spec. page No. 11
AFO4 (694 )-58 CCN67(N58-SSD65MSN~576) Other pages affected:
1) 6)71 1"1 551‘68‘69*__le

6, PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336581 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.3.10.1.1 Mixture ratio

Change the paragraph to read:
The mixture ratio shall be controlled within safe operating limits during
mainstage operation and during thrust increase and decrease. The safe

operating mixture ratio limits are specified as 1.6 to 1.95.

(1) Pump-fed operation: The YLR101-NA-15 mixture ratio 1s dependent
upon the YLR105-NA-~7 rated performance.

(2) Tank-fed operation: Nominal mixture ratio shall be as specified 1in
Table I.

Paragr 23.10.2 Thrus
Change the paragraph to read:
There are no intermediate controlled~thrust settings.

(1) Pump-fed operation: The thrust limits specified in Table I are
dependent upon the YLR105-NA-7 rated performance.

(2) Tank-fed operation: Nominal thrust shall be as specified in Table I.
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1. FOR ECP NO. 2. NOMENCLATURE AND MODEL 3. SPECINICATION NO.
1 Liquid Propellant Rocket ine _
NA-MA5-99R1 Model YLR101-NA-15 (Vernmier R-39538 .
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OMPOSITE
SPEC. PAGE NO. 14
AFO4(694)-58 . C.CN67(N58-SSI’65¥BN-576) Other pages affected:

1,6,7,11,55,68,09 & 71

6. PRODUCTION EFFECTIVITY:

-

NA336511 through NA336576, and NA3365§1 and subsequent.

. .

7. EFFEC.T OF CHANGE ON SPECIFICATION CONTENT:

Paragraph 3.5 Drawi

data

Chahge YILR101-NA-15 MD Number Identification to incorporate MD2.
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1. FOR ECP NO. . 2. NOMENCIATURE AND MODEL ‘ 3. SPECIFICATION NO.
Liquid, Propellant Rocket ine
NA-MA5-99R1 Model YIR101-NA-15 (Vernier R-39538 .
4. CONTRACT > 5. CONTRACTUAL AUTHORIZATION ALE OPPOSITE
: SPEC. PAGE NO. DD
AF04(694)-58 CCN67(N58-SSD65MSN-576 ) Other pages affected:
L . 1,6,7,11,14,68,69 & 71

, 6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336581 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT: ‘ ' L -

Paragraph 4.2.4 152 »

»

Change "tank-fed" to read "pump-fed" in lines two and eight.

-

Change last sentence to read "The tank-fed ratings, except cutoff’ impulme
shall not be demonstrated or reported."
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SECURITY
CLASSIFICATION CONFIDENTIAL O 17 September 1964
sechst O surestors pew. 23 March 1964
*
1. FOR ECP NO. i} 2. NOMENCLATURE AND MODEL " 3. SPECIFICATION NO.
Liquid Propellant Rocket ine
NA-MA5-99R1 Modél YLR101-NA-15 (Vernier R-3953S
4. CONTRACT 5. CONTRACTUAL AUTHORIZATION FILE OPPOSITE 68 & an
SPEC. PAGE NO. noted.
AF04(694)-58 CCN67 (N58-SSD65MSN-576)  » Other pages affected:
| 1,6,7,11,14,55,69 & 71

6. PRODUCTION EFFECTIVITY:

NA336511 through NA336576, and NA336581 and subsequent.

7. EFFECT OF CHANGE ON SPECIFICATION CONTENT:

5

*

As noted-
Page 68
69 °
71
»

Figure 1 Attachment I
. ® 2 , II

4 ITI

@

NOTE: Figures 1, 2, and 4 vhich vere issued as Attachments I through III to
o SCN2 dated 16 September 1963 are to be retained for use with SCN2

(revised) dated 17 September 1964.
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R-39538

NOTE

The following listed Engineering Changes describe major engineering design
improvements accomplished on the YLR101-NA-13 and continued in the YLR101-NA-15

design.
Specification Production
Issue ECP' s Description Effectivity
1 July 1963 Original NA336501 and
Design subsequent
ECP's
MA5-4k4 Replacement of Vernier Engine
Teflon Backup ring.
MA5-50 Addition of Vernier Engine
Hydraulic Return Fitting.
MA5-67R2 Elimination of Interference
of the V.E. Gimbal Shaft
Assembly and GD/A Cover
Plate Assembly.
MA5-79 Removal of Vernier Engine
Instrumentation Plug Chain.
MA5-31R2 Installation of Sustainer

and Vernier Thrust Chamber
Hypergolic Ignition System.

The YLR101-NA-15 (Vernier) engine defined by this specification incorporates

the above listed engineering changes which give it a baseline configuration of
YIR101-NA-15 MD Ba:ic.

FORM 808-8 PLATE REV, 1-38

ii-a



ROCKKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION, INC.

R-39538
TABLE OF CONTENTS
Paragraph Page

R T N Y VR e

A B R Y Y A" AT IV B R\ B\ B A IV ", I O R U B U B % [ W I D 1 T o T R e O
=
o

S T Y B B B U B B O B O R U N W Ao T s B I R
e . . oL

FORM 808.B PLATE REV. 1.58

SCOPe e -

Applicable documents ---—----ommemmemeeao
REQUIREMENTS —-—-— e e
General ——— -
Model specification ———=--o—-ecmcmmem_
Qualification and acceptance --———--———---
Mockup --==-—m e
Rocket engine changes —--————-——————cc—o_
Performance characteristics -——--————cece-
Rocket engine operating regimes -—--------
Ratings ——wecooommm e
Estimates -—————coe oo
Components —-——-e—ommm oL
Starting ~---—m-eme
Shutdown —---ceme
Malfunction ———-—— oo
External power --——--meooommmom e
Propellants and fluids --------oece -
Control —---cem e
Environmental and load factors ---——-————-—--
Environmental conditiong -------e—meee—aco
Flight and ground loading conditions

Limiting zone temperatures —----—----—o-—-

W O 0 0 00 NN N O W S DD e e

e et e
SR T O R Ry =

iii



R-39538. _ _ _

ROCKETDYNE

A DIVISION OF NORTH

AMERICAN AVIATION, ING,

Paragraph

3.5
3.5.1
3.5.2
3.5.3
3.5.k
3.6
3.6.1
3.6.2
3.6.3
3.6.4
3.6.5
3.6.6
3.6.7
3.6.8
3.6.9
3.6.10
3.7
3.7.1
3.7.2
3.7.3
3.7.4
3.7.5
3.8
3.8.1
3.8.2
3.9
3.9.1

iv

FORM 808.B PLATE REV, 1-58

TABLE OF

Drawings and data -
Before coniract -
After contract --
Weights --~———---

CONTENTS

Overall dimensions ----———e- e

Components and syat
Propellant and ot
Power control ---
Electric system -

Ignition system -

OIS ———=—m———m— e e o

her fluids systems ------aeeeeeou-o

Lubrication system —-—---e—eemmmm o

Burst diaphragms

Accessory drives

Accessory equipment -—----———-—cmmcm e

Fabrication --—----
Materials -------
Processes -------
Standards -----~-
Parts list ----~-

Changes in design

Identification of product -------~--ommcemcmmm

Fonrra B 0108 —-me o
Components ------
General add.tional

Tarnst aligmment

information --w---cmccemcmmmeo



-

ROCKETDYNE

A RIVISION OF NOATH AMERICAN AVIATION, INC.

R-39538
TABLE OF CONTENTS

Paragraph Page
4. QUALITY ASSURANCE PROVISIONS - o ooeoomooccommommmmmm 25
k.1 Classification of tests -—--——— o . 25
k.2 Tests and test methods ————- e 25

L.2.1 Alternate test fluids —--———cmmmmmmom 25 .
k.2.2 Qualification tests —-—————— oo 26
%.2.3 Preliminary Flight Rating tests —---——--——cooeno- 26
(6626) 1. 671 26
(6626) 2. APPLICABLE DOCUMENTS = oo oo oo mm e 26
(6626) 3. REQUIREMENTS = - - — o m mcceomm e oo mm e mmmm e e 27
(6626) 3.1 Reports: rocket engine and components —----—--—--o—- 27
(6626) 3.1.1 General —--———- e 27
(6626) 3.1.2 Preliminary reports -——------mmom oo 28
(6626) 3.1.3 Final Teport —-——————— - oo 29
(6626) 3.1.4 Number and distribution of copies -—~----c-ccmm—maeo 3
(6626) 3.2 Disposition of Preliminary Flight Rating test data -- 34
(6626) k. QUALITY ASSURANCE PROVISIONS -c-—ccmmmmomcmomommcmmemem 3y
(6626) 4.1 General ==e-m oo ———— 34
(6626) 4.1.1 Test apparatus and procedures —--—-----c—cooomeemmn 35
(6626) &.1.2 Test conditions ———~——— oo 36
(6626) 1.1.3 Parts failure and replacement —--—----c-mmmmmmeeoo 37
(6626) 4.2 Rocket engine inspections and tests ---——-——ccoeeo-oo 37
(6626) x.2.1 Rocket engine tests —~-— e oo 38
(6626) %4.2.2 Rocket engine inspection after test -----ccocueeeo 42
(6626) %.3 Component inspection and tests -~-—--—--—cmmoommmm 42
(6626) 4.3.1 Previous component qualification -----ccoeeeee 43
(6626) 4.3.2 Component inspection before tests ---—---m-m--o—mmo 43
(6626) 4.3.3 Component tests —----m=mma-cmommmmmmom oo 43

v

FORM 808.B PLATE REV, 1-58



ROCKETDYNE

A DIVIBION OF NORTH AMERICAN AVIATION. ING.

FORM 808-B PLATE REV. 1-88

B-39538.
Paragraph
(6626) 4.3.4
(6626) 5.
(6626) 6.
(6626) 6.1
(6626) 6.2
4.2.4
(5152) 1.
(5152) 2.
(5152) 3.
(5152) 3.1
(5152) 3.1.1
(5152) 3.1.2
(5152) 3.1.3
(5152) 3.2
(5152) 3.2.1
(5152) s3.2.2
(5152) .
(5152) 4.1
(5152) &.1.1
(5152) &.1.3
(5152) .2
(5152) &.2.1
(5152) %.2.2
(5152) 4.2.3
(5152) &.2.4
(5152) &.2.5
vi

TABLE OF CONTENTS

Page
Component inspection after tests ~-—----veevu——_ 46
PREPARATION FOR DELIVERY ~--c---em oo 46
NOTES - o m e e e e e e e 46
Intended uSe ———=— =L 46
Definitions and symbols -----———-emmme oo 46
Acceptance tests ——-—c—mmm oo 47
SCOPE = e e e e 47
APPLICABLE DOCUMENTS = -—-cmmmo e e 47
REQUIREMENTS ~- == cm = oo e e e e L7
Contractor's instructions, specifications and
drawings —-—----—c—mm—cm L7
Specifications ~—---ceom e 48
Component calibration ------—-cccmemmmmm 48
Availability --~---mec e 48
Acceptance test data ~-—--~ccmommme oo 48
General --------- e 48
Log —~—mm e e L9
QUALITY ASSURANCE PROVISIONS --c--weommmmmmm e meee - 50
General -——---——c- e e 50
Test apparatus and procedures -————-——m-ommeme 51
Test temperatures e 51
Acceptance tests -~---comccme e e - 52

Rocket engine inspection before acceptance tests -- 52
Rocket engine tests.- Schedule "A" - 53
Rocket engine and component tests.- Schedule "B" -- 54
Acceptance conditions -~-----mcommmccmm e 55

Rocket engine inspection after test --------ceceo 55



ROCKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION. INC.

R-39538
TABLE OF CONTENTS
Paragraph Page
(5152) &.2.6 Rejection and retest —-—-m=-c-cme—ccmoccmcocmmmmee 56
(5152) 5. PREPARATION FOR DELIVERY ---------mmmmmmmmmememmm e e 57
(5152) 6. NOTES ~ o mm o e e e e 57
(5152) 6.1 Symbols and definitions ----=---oooommmmmome__ 57
5 PREPARATION FOR DELIVERY ----==--—-mmmmmmmmmmmmmmmmmm 59
5.1 Application ——————— oo 59
5.2 Storage, shipment, and delivery -------c-cwccecmmmeo- 59
6 NOTES —— e e e e 60
6.1 Intended use ———= = oo 60
6.2 Symbols and definitions —————m-——omommmmmoo o 60
6.2.1 Definitions -------ceemmemeccemem——m e m e 60
6.2.2 SYMDO1s —=mmmmmmmmm e e e 67
6.3 Rocket engine mockup procedure —-----—-—eeeome——aeaao 67
6.4 Design and installation criteria ---—-—-c—ccecceomee 67
vii

FORM 808.B PLATE REV, 1.88



ROCKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION, ING.

R-39538
TABLES
Table Page
1 YLR101-NA-15 Rating at Standard Sea-Level Static Conditions --- 7
II Alternate Test Fluids --------—mmm o 25
LIST OF ILLUSTRATIONS
Figures Page
1 Estimated Nominal Altitude Performance YLR101-NA-15 ---——-——--~ 68
2 Estimated Sea-Level Thrust and Thrust Coefficient vs Chamber
Nozzle Stagnation Pressure YLR101-NA-15 Thrust Chamber
(Nozzle Expansion Area Ratio, 5.6:1) —-—-eoommomoommommo 69
3 Estimated Characteristic Velocity vs Sea-Level Thrust
YLR101-NA-15 Thrust Chamber -----c-ce-mcm oo 70
4 Estimated Sea-Level Specific Impulse vs Thrust
YIR101-NA-15 Thrust Chamber --~--c--cemmmommme oo 71
5 Starting Sequence YLR101-NA-15, When Operated with YLR89-NA-7
and YLR105-NA-7 - e e e o 72
6 Cutoff Sequence YLR101-NA-15, When Operated with YLR89-NA-7
and YLR105-NA-7 —=-mce oo e e - 73
7 Power Control Arrangement YLR101-NA-15, When Operated with
YLR89-NA-7 and YLRL05-NA-7 ———— e e 74
8 Schematic Rocket Engine Flow Diagram YLR101-NA-15, When
Operated with YLR89-NA-7 and YLR105-NA-7 ---——-oo—m—mommmmemmen 75
9 Start, Power Control Interrelation with Rocket Engine,
Functional Block Diagram YLR101-NA-15, When Operated with
YIR89-NA-7 and YLRIO5-NA-7 —-c—mmmmm e - 76
10 Shutdown, Power Control Interrelation with Rocket Engine,
Functional Block Diagram YLRI01-NA-15, When Operated with
YLR89-NA-7 and YLR105-NA-7 —ccmmmom oo e m 77
11 Fuel (RP-1) Density vs Temperature -----——---—-e-e—-oc-mmemeoeu 78
12 Liquid Oxygen Density vs Temperature -----------cecceeemeeao- 79
viii

FORM €08 B PLATE RIV. 1.88

2



hen

ROCKETDYMNE

A DIVISION OF NORTH AMERICAN AVIATION. INC,

1.1

1.2

1.2.1
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SCOPE

Scope.- This specification covers the requirements for the
YLR101-NA-15 rocket engine.

Clasgification.- The rocket engine is a calibrated, fixed-thrust

bipropellant rocket engine with a nominal sea-level tank-fed
rating of 525 pounds. The single thrust chamber shall be gimbal
mounted, shall have an exhaust-nozzle expansion ratio of 5.6:1,
and shall be regeneratively cooled using the fuel as the heat
transfer medium. The propellants shall be supplied to the
thrust chamber from the YLR105-NA-7, not a part of this specifi-

cation.

Function.- The rocket engine is designed to operate in conjunc-
tion with the YLR89-NA-7 and the YLR105-NA-7, not a part of
this specification., The interrelation of these rocket engines

is shown in Figures 5 through 10.
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2. APPLICABLE DOCUMENTS
2.1 Applicable documents.- The following documents of the exact

FORM 808-B PLATE REV. 1.38

issue shown form a pﬁrt of this specification, to the extent

specified herein:

MILITARY

MIL-E-5149A Engine, Rocket, Liquid Propellant,

26 March 1956 General Specification for

MIL-H-5606A Hydraulic Fluid, Petroleum Base,

21 February 1957 Aircraft and Ordnance

MIL-P-25508D Propellant, Oxygen

16 March 1962

MIL-R-25576B (USAF) Rocket Fuel, RP-1

23 January 1959 _
MIL-P-275014A Propellant, Nitrogen, Pressurizing |
7 November 1960

MIL-D-70327 Drawings, Engineering and

27 March 1962 Aggociated Lists

AIR FORCE - NAVY AFRONAUTICAL BULLETIN

No. 543k Specifications and Standards Applicable
6 February 1959 to Aircraft Engines and Propellers,

Use of
No. 438a Age Controls for Synthetic Rubber Parts

16 March 1959

AIR FORCE DOCUMENTS

AFBM Exhibit 58-20A Gas, Fluid and Electrical Conduit Line
1 De-ember 1960 Tdentification for Use in Missiles and
Space Systems
AFBSD Exhibit 61-3A Specification for Permissible Contamina-
1 September 1961 tion Limits and Inspection Criteria for
Liquid Oxygen, Liquid Nitrogen, Fuel,
Gaseous Oxygen, Gaseous Nitrogen, -
Instrument Air and Helium, Components, --}

Handling Systems and Fluids Use Limits.
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2.1 (Continued)
ROCKETDYNE DOCUMENT
R-3469 Associate System Contractor Responsi-
18 July 1962 bility for Use With Rocketdyme
Propulsion Systems Contracts
SPACE TECHNOLOGY LABORATORIES
GM 6300.8-565B Contamination Limits and Evaluation
2 February 1962 Methods for Hydraulic Systems and

FORM 805.8 PLATE REV. 1.38

Components, WS-107A-1, Weapon System.
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. REQUIREMENTS

General .-

Model specification.- The model specﬁfication has been prepared

using MIL-E-5150 as a guide with applicable provisions of MIL-E-
5149 incorporated. DPublications referenced in the model speci-
fication and contained in ANA Bulletin 343 shall be applicable
as provided by the bulletin. Where the requirements of this
model specification and those of the documents listed in
Section 2 are at variance, the requirements of the model speci-

fication shall govern.

Qualification and acceptance.- The qualification and acceptance

of any engine shall be in accordance with the tests specified

in Section 4 of this specification.

Mockup.- The contractor shall prepare a full-scale mockup of

the rocket engine when required by centract.

~ Hocket engine changes.- The Usingﬂﬁervice shall be notified of

changes o the rocket engine features affecﬁing the insfallation
made after approval of a mockup or the drawing package specified
in paragraph 3.5. Any mockup specifically required by contract
shall be kept current with approved changes for the duration of
the production contract, unless otherwise authorized. Changes
required by the procuring activity shall be subject to negotia-

tiors.
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3.3

3.3.1

3.3.1.1

3.3.1.1.1

3.3.1.1.2

3.5.1.2

Performance characteristics.- The ratings, data, and curves shown

are based on standard sea-level static conditions, unless other-

wise noted.

Rocket engine operating regimes.-

Altitudes and temperatures.- The rocket engine shall start,

operate, and stop throughout the design range specified herein

under the following conditions:

Static exposure.- The dry rocket engine shall not suffer any

detrimental effects when exposed, in a nonoperating condition,

to a temperature range of minus 65 to plus 160 F,

Operation.- The rocket engine shall operate for the rated duration
and stop satisfactorily at any altitude, and shall start at any
altitude up to 10,000 feet provided that it is within the ambient
temperature range of minus 30 to plus 130 F at start. Fluids
shall be supplied within the following temperature ranges:

Fuel at plus 32 to 80 F and liquid oxygen at a maximum of 50 F
above the ambient sea-level boiling point for start, and liquid
oxygen at a maximum of 25 F above the ambient sea-level boiling
point for continued engine operation.

Attitudes.- The rocket engine shall start with the thrust chamber
directed aft within a cone having a half-angle of 30 degrees when
referenced from the vertical, and shall operate and stop satis-

factorily throughout any flight path.

FORM 808-B PLATE REV. |.38
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Ratings.- The performance ratings, established at nominal rated
thrust, shall be as listed in Table I. The ratings are based on
a fuel density of 50.48 lb/ftj, and an oxidizer density of

70.73 1b/£t°.

Duration.- The rated pump-fed duration shall be 300 seconds.
The rated tenk-fed duration shall be 25 seconds.

Estimates.- The estimated nominal pump-fed and tank-fed altitude
performance, propellant flow rate, specific impulse, and thrust
are shown in Figure 1. Pump-fed performance estimate is based
upon the propellants being supplied at constant pressure and

densities to the engine inlets as follows:
Figure 1 YLR101-NA-15 with YLR105-NA-7

Fuel density 50.48 1b/ft’ LOX density 70.73 1b/ft>
Fuel pressure 529 psia LOX pressure 504 psia

Components .- Curves shown in Figures 2 to %4 inclusive shall

constitute a part of this specification.

Thrust chambers.-

(a) Figure 2, Estimated sea-level thrust and thrust coefficient

vs chamber nozzle stagnation pressure.

b) Figure 3, Estimated characteristic velocity vs sea-level
( gure 3,
thrust.

(¢) Figure 4, Estimated sea-level specific impulse vs thrust.

Pumps .- Not applicable.

—t
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Starting.- The rocket engine is capable of being ground started.
Ground support equipment in conjunction with YLR105-NA-7 and the
YLR89-NA-7 or their simulated equivalents, not a part of this
specification, must be utilized to effect ground starting. The
start system, not a part of this specification, provides for one
start only without reservicing. The start sequence is as set

forth in Figure 5.

Shutdown.- Provisions incorporated for rocket engine cutoff
shall ensure that a positive and safe shutdown can be reliably
achieved under all normal operating conditions. The shutdown

sequence is as set forth in Figure 10.

Noimal shutdown.- The cutoff sequence is initiated by the
receipt of a cutoff signal from the YLRI05-NA-7, not a part of
this specification.

Malfunction.- Supplied with specification propellants the rocket
engine shall, under any single condition of malfunction, start
and operate in a stable, safe, and reliable manner, or shutdown
without presenting a hazardous condition that could cause damage
to the vehicle, except that malfunction may be restricted or
elimingted after set performance has been attuined, and except
that the malfunction shutdown sensing circuit shall be eliminated
after the missile is irretrievably committed for flight. Mal-
fomctions include but are not limited to events such as: powver
control malfunction, external power interruption or fluctuation,
or fo~4iitous wihlaction to conditions exceeding specified
operating parameters. Subject to the approval of the procuring
activity, where it is found that certain malfunction conditions

exigt that cannot he overcome without compromising overall
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operation, malfunctioning shall be reduced to a minimum by
designing and developing into each control element the best
attainable reliability or by utilizing appropriate checkout
procedures. When required by contract, an analysis of pertinent
malfunction conditions anticipated in service usage as agreed
upon by the procuring activity and the contractor shall be pre-
pared as a separate report. This analysis shall show that the
rocket engine design has fulfilled the safety requirements as
specified in this paragraph and shall be submitted to the pro-
curing activity prior to performance of "Rocket engine inspec-

tions and test" of Specification MIL-E-5151 and MIL-E-6626.

External power.- External power shall be available to the

rocket engine.

Pneumatic requirements.- Helium, for actuation of the propellant

valves, shall be provided by YLR105-NA-7, not a part of this

specification.

Electrical requirements.- Electrical power in accordance with

Specification MIL-E-7894 at the following input requirements:

Direct-current power requirements are furnished by the
YLR105-NA-7, not a part of this specification.

AC Components.- Not applicable.

Hydraulic power.- Not applicable.

Propellants and fluids.-
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3.3.9.1 Propellants.-
(a) Oxidizer.- Liquid oxygen conforming to MIL-P-25508 and
meeting the purity requirements of AFBSD Exhibit 61-3A as
implemented by Rocketdyne Report R-3469, Section I.
(b) Fuel .- Rocket engine fuel, Grade RP-1, conforming to MIL-R-
25576 and meeting the purity requirements specified in
AFBSD Exhibit 61-3A as implemented by Rocketdyne Report
R-3469, Section I,
3.3.9.2 Pressurizing gas.- Not applicable.
3.3.9.3 Lubricants.- Not applicable.
3.3.9.4 Other fluids.-
3.3.9.4.1 Pyrophoric fluid.- Pyrophoric fluid supplied in a container
shall be used to establish thrust chamber ignition.
3.3.9.4.2 Hydraulic fluid.- Hydraulic fluid shall be supplied to the engine
hydraulic flow passages from the vehicle within the range of
2500 to 3000 psia at a temperature range of plus 50 to plus 275 F.
Hydraulic fluid shall be in accordance with MIL-H-5606 and shall
meet the purity requirements of Space Technology Laboratories'
document GM 6300.8-565B as implemented by Rocketdyne Report
R-3469, Section V.
3.3.9.5 Leaicage.- Extercel or internal leakage of the fluids shall not
be permitted where such leakage will impair proper functioning
of or cause damage 10 the rocket engine or the missile and its
components or will endanger persomnel. Leakage limits shall be
as shown on the applicable drawings of paragraph 3.5.
10
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3.3.10 Control .-
3.3.10.1 Accuracy.- The control shall be such that the rocket engine

shall operate within the limits specified in paragraph 3.3.2.

3.3.10.1.1 Mixture ratio.- The mixture ratio shall be controlled within
safe operating limits during mainstage operation and during
thrust increase and decrease. The safe operating mixture ratio

limits are specified as 1.5 to 2.1.

(1) Pump-fed operation: The YLR101-NA-15 mixture ratio shall
be dependent upon the YIR105-NA-7 mixture ratio as it
varies to comply with the requirements of the propellant

utilization system.

(2) Tank-fed operation: Mixture ratio limits shall be as
specified in Table I.

3.3.10.2 Thrust.- There are no intermediate controlled-thrust settings.

(1) Estimated Pump-fed operation: The thrust specified as
estimates in Figure 1 and the variation shall be dependent
upon the YIR105-NA-7 mixture ratio as it varies to comply

with the requirements of the propellant utilization system.

(2) Tank-fed operation: Thrust limits shall be as specified

in Table I.
3.3.10.2.1 Change rate.- The transition change rate for the YLR101-NA-15

from tank-fed to pump-fed and pump-fed to tank-fed shall not
cause malfunction of the YLR101-NA-15.

11
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3.3.10.2.2 Increase.- The time interval between "auxiliary systems complete"
and 90 percent of rated tank-fed thrust shall not exceed 5.0
seconds.
3.3.10.2.3 Decrease .~ The conirol system in conjunction with the YLR105-NA-7,
not a part of this specification, shall provide the following
cutoff impulse:
Delay circuit Delay circuit
inactive active
min. 55 lb-sec min. 75 lb-sec
max. 105 lb-sec max. 143 1b-sec
3.3.10.3 Stabilityv.- Thrust oscillation during transient conditions shall
not produce thrust peaks of greater than 110 percent of rated .
thrust at frequencies below 150 cycles per second. Superimposed !
on this fundamental frequency may be high-frequency oscillation
above 150 cycles per second and not greater in magnitude than
plus or minus 3 percent of rated thrust,.
3.3.10.4 Starting.-
3.3.10.4.1 Procedure.- The starting procedure shall be as specified in
paragraph 3.3.5,
3.3.10.4.2 Time.~ Not applicable.
3.3.10.5 Shutdown .-
3.3.10.5.1 Procedure.- The shutdown procedure shall be as specified in
paragraph 3.3.6.
12
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Time.- The thrust decay shall be as specified in paragraph
3.3.10.2.3.

Auxiliary function.- Not applicable.

Environmental and load factors.-

Environmental conditions.- The rocket engine shall not suffer

any detrimental effects during and after any condition of environ-
ment that has been demonstrated by the environmental tests of

paragraph 4.2.3.

Temperature range.- The rocket engine under field storage condi-

tions, in the protective container, shall not suffer any detri-
mental effects when exposed to the temperature range of minus
65 to plus 160 F.

Vibration.- The rocket engine shall withstand all vibration
encountered in normal usage without deleterious effect on the

rocket engine or impairment of its serviceability.

Flight and ground loading conditions.- The rocket engine and

its supports shall withatand, without permanent deformation or
failure, the largest forces resulting from all critical combina-
tions of load factors specified in paragraphs 3.4.2.3 and 3.6.6.
For design purposes, the ultimate strength shall provide for a
minimum of 1.5 times the forces resulting from the loading condi-
tions. The rocket engine shall be designed to withstand 4.0 g
handling loads applied in any direction. Demonstration of these
requirements may be waived at the discretion of the procuring
activity when acceptable substantiating analytical data are

furnished by the contractor.

13
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3.4.2.1 Aireraft rocket enginess="Not applicable.
3.k.2.2 Aircraft launched missile rocket engines.- Not applicable.
3.4.2.3 Vehicle rocket engines.- The rocket engine and its supporis,
while meeting the gimbaling requirements of paragraph 3.6.6,
skall operate satisfactorily, without permanent deformation or
failure, under any one of the following load conditions:
{a) 12.0 g's parallel to the direction of flight and
) .85 g's perpendicular to the direction of flight
(b) 10.0 g's parallel to the direction of flight and
1.5 g's perpendicular to the direction of flight
{¢) 2.5 g's parallel to the direction of flight and
3.0 g's perpendicular to the direction of flight.
3.4.3 Limiting zone temperatures.- No heating or coeling provisions
are required by the engine during flight.
3.5 Drawings and data.- The Rocketdyne drawings and data listed
below shall form a part of this model specification:
MODEL IDENTIFICATION NUMBERS
Engine and Model Parts List (MPL) MD Numbers
YLRI01-NA-15 Basic
SUBJECT Number
{a) Engine assembly - vernier complete 351000
(b) List komse egaipment 351030
{v) Thrast chamber and gimbal installation 351005
(d) Orifices and accessories.installation 351010
{e) Feed system installation 351015
(t) Electrical system installation 351020
(g) Customer counect 351025
14
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Before contract.- Not applicable.

After contract.- Not applicable.

Weights.- The dry weight of the YLR101-NA-15 shall not exceed

54 pounds. The wet weight after normal shutdown shall not exceed
56 pounds. The wet weight with all systems filled to capacity
shall not exceed 57 pounds.

Estimated

Assembly Weight, 1b
Thrust chamber 15
Mount and bearing assembly 27
Oxidizer system 5
Fuel system 3
Electrical system 2
Ignition system 2
Dry weight 54

Overall dimensions.- The overall dimensions of the rocket engine

shall be as shown on the applicable drawings of paragraph 3.5.

Components and systems.-

Propellant and other fluids systems.- The rocket engine shall

function satisfactorily when the propellants and other fluids
are supplied within the following conditions: Fuel at start
and continued operation, shall be at plus 32 to 80 F. Liquid
oxygen at start shall be at a maximum of 50 F above the ambient
sea-level boiling point. Liquid oxygen for continued engine
operation shall be at a maximum of 25 F above the ambient
sea-level boiling point. Other fluids muat be in accordance
with paragraph 3.3.9.

15
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Pump and drive system.- Not applicable.

Turbine exhaust connection.- Not applicable.

Fluid drainage.- Not applicable.

Lines and fittings.- The minimum and maximum torque values shall

be as specitisd in Drawing AND1006%4 for the sizes or types of
lines and fittings except as specified on the contractor's

drawings.

Filters.- Filters shall be as shown on applicable drawings of
paragraph 3.5 and shall be of a design and fabrication that will
not permit passage of solid impurities which will affect engine
operation when fluids are supplied within the limits of para-
graph 3.3.9.

Filler comneciions.- Net applicable.

Powor control .- The controls shall provide for starting, operat-
ing, aud stopping the rocket engine in accordance with the
refjuirements of this model specification. During full-thrust
operation at standard sea-level static conditions, the design
requirements of the controls shall be to maintain performance

as slown in Table I.

Preflight check.- Preflight check shall be obtained through the
ground support equipment, not a part of this specification. All

cowtrol circuits may then be checked by direct or simulated

operabion,
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External test comections.- Noninterchangeable test connections,

as required for safety,shall be provided for ground checking of
significant sequencing and emergency devices. Details of the

connections shall be presented on the installation drawings.

Indication.- Switches shall be provided on the rocket engine to
give an indication of full-open and full-closed positions of the
main propellant valves. A pressure switch will be provided to

indicate effective mainstage thrust.

Calibration,- All field replaceable controls shall have the capa-
bility of being installed and used without field calibration.

Interrelation with rocket engine.-

(a) The '"Power control arrangement'" is as shown in Figure 7.
(b) The "Sequence of rocket engine operation" is as shown in

Figures 5 and 6.

Performance selector (For aircraft).- Not applicable.

Starting.- The starting sequence shall be automatic upon initia-
tion by ground support equipment, not a part of this specifica-

tion.

Fixed thrust rocket engines.- Not applicable.

Variable thrust rocket_engines.- Not applicable.

Control adjustment.- Not applicable.

17
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3.6.3 Electric system.-
3.6.3.1 Electrical power.- All components using electrical power from
the vehicle power system shall be consistent with the require-
merits of 3.3.8.2 herein.
3.6.5.2 Radio interference.- Not applicable.
3.6.3.53 Tgrition proot.- Electrival components shall not ignite any
~xplogive mixture surrounding the equipment.
3.6.73 .4 Cowunctvrd sod cable.~ It shall be possible to connect or dis-
counnect electrical connectors and to flex electrical conductors
as nrcessary for routine maintenance without damage, at a
temperaiure of minus 65 F. All electrical wiring shall be }
capable of withstanding 400 F for the rated duration without
vgngiug malfupction.,
3obo Tgnition system.- The iguition system zhall consist of a -
pyrophoric fluid-filled, pressure-actuated container used in a “
pergolic application. .
3.6.4,1 High-tongion lead assembly.- Not applicable.
3.6.5 Librica’ion sgystem.- Not appli:able.
3.6.6 Throst chamber assembly.- The thrust chamber shall be gimbaled
+o permit thrust chamber movement as follows. Gimbaling
aviuaturs shall not be furnished with the engine.
18
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(a)

()

(c)

(a)

The minimum angle of displacement of the effective thrust
vector shall be plus or minus 70 degrees in pitch and plus
30 degrees and minus 20 degrees in yaw as measured on the

respective protractors.

The engine shall be capable of withstanding a maximum
actuator force of 2000 pounds on an arm of 1.25 inches from
the gimbal axis. The moment of inertia of the gimbal com-
ponents shall be such that when a force of 1350 pounds is
applied on an arm of 1.25 inches, the thrust chamber shall
be accelerated at a minimum of 4000 deg/seca, under any
combination of gimbal friction, lateral acceleration, and

thrust alignment as specified herein.

Gimbal friction shall not exceed 35 ft-lb in the yaw gimbal
plane and 75 ft-1b in the pitch gimbal plane. (Includes

actuator friction.)

The rocket engine shall be capable of being continually
dry gimbaled at one (1) cycle per second for five (5)
minutes without producing conditions resulting in leakage

under wet gimbaling operation.

Propellant accumulation.- Propellants remaining in the rocket

engine after shutdown are as specified in paragraph 3.5.3.

Tanks.- Not applicable.

Burst diaphragms.- Burst diaphragms are provided in thrust

chamber igniter cartridges.

19
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3.6.9 Accessory drives.- Not applicable,

3.6.10 Accessory equipment.- Not applicable.

3.7 Fabrication.-

3.7.1 Materials.-

3.7.1.1 Quality.- Materials used in the manufacture of the rocket
engine shall be of high quality, suitable for the purpose, and
shall conform to applicable specifications in accordance with
ANA Bulletin No. 343. When contractor's specifications are
used for materials which may affect performance or durability
of the rocket engine, such gpecifications will be released to
the Government prior to the Qualification tests. The use of
non-Governmental specifications shall not constitute waiver of ‘}
Government inspection.

3.7.1.2 Critical materials.- The use of critical materials shall be held
to a minimum. The list of critical materials noted in paragraph
entitled "Critical materials' of Specification MIL-E-5149A, and
the estimated weights thereof based on the finished parts are as
follows:

Material Weight, pounds

(a) Chromium 1
(b) Cobalt 0
(c) Columb ium 0
(d) Molybdenum 0
(e) Natural rubber 0
(£) Nickel 1
(g) Tungsten 0

20
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Processes.-

Quality.- When contractor's specifications are used for processes
which may affect performance or durability of the rocket engine,
such specifications will be released to the Government prior to
the Qualification tests. The use of non-Governmental specifica-

tions shall not constitute waiver of Government inspection.,

Workmanship.- The workmanship and finish shall be of sufficiently
high grade to ensure satisfactory operation, reliability, and
durability consistent with the service life and application of

the rocket engine.

Interchangeability .- All parts having the same manufacturer's

part number shall be directly and completely interchangeable

with respect to installation and performance except that matched
parts or selective fité will be permitted where required. Changes
in manufacturer's part numbers shall be governed by the drawing
number requirements of Specification MIL-D-70327.

Protective treatment.- With the exception of working surfaces

and drive pad faces, all parts shall be corrosion resistant or

suitably protected.

Standards.-

Parts.- AN, JAN, or MIL Standard parts shall be used wherever
they are suitable for the purpose, and shall be identified by
their Standard part numbers. The use of nonstandard parts will
be acceptable only when standard parts have been determined to

be unsuitable.

21
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Design.- MS and AND Design Standards shall be used wherever
applicable.

Threads.- Conventional straight screw threads shall conform to
the requirements of Specification MIL-S-7742. Tapered pipe
threads may be employed only for permanently installed fittings
or plugs.

Parts lisgt.- The parts list for the rocket engine which success-
fully completes the Preliminary Flight Rating tests shall consti-
tute the approved parts list for subsequent engines of the same
model. Changes to the approved rocket engine parts list shall

be governed by the requirements specified in paragraph 3.7.5.

Changes in design.- Changes made in the design or materials of

parts listed in an approved rocket engine parts list shall be
approved in accordance with the provisions of ANA Bulletin No.

39la, as incorporated in the contract.

Class I changes.- Definitions shall be as provided in paragraph

3.7.5.

Class II changes.- Definitions shall be as provided in paragraph

3.7.5.

Approval of changes.- Approval of changes does not relieve the

contractor of full responsibility for the results of such changes

on rocket engine characteristics.
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Identification of product.- Equipment, assemblies, and parts

shall be marked for identification in accordance with MIL-STD-
130. The identification data applied to the rocket engine data
plate shall be as follows:

Engine, Rocket, Liquid Propellant
Government Model Designation *
Model Specification No. *

Serial No. *

Manufacturerfs Part No. *

Contract or Order Number *
Manufacturer's Name or Trade-Mark *
Us

* Applicable data to be entered by the contractor.

Connections.- All propellant and other fluid commections shall be

shown on the engine installation drawing. Instrumentation con-
nections shall be as shown on the instrumentation installation
drawings. All fluid lines shall be marked in accordance with
AFBM Exhibit 58-20 as implemented by Rocketdyne Report R-3469,
Section VI.

Components.- Components shall be clearly marked as follows:

(Nomenclature )

Serial Number *

Stock Number *

Manufacturer's Part Number *
Manufacturer's Name or Trade-Mark *

* Applicable data to be entered by the contractor.

Synthetic rubber parts.- Components used in hydrocarbon fluid

systems containing synthetic rubber parts shall be marked in
accordance with ANA Bulletin Number 438.

23



ROCKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION, INGC.

__R-39538
J
3.9 General additional information.-
3.9.1 Thrust alignment.- The thrust-vector misalignment of the thrust

chamber shall not exceed 2 degrees angularity and 1/8 inch lateral
displacement at the gimbal point when measured from the gimbal

axis.
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QUALITY ASSURANCE PROVISIONS

Classification of tests.- The testing of liquid propellant rocket

engines shall be classified as follows:

(a.) Qualification tests.- The Qualification tests are conducted
to demonstrate the suitability of an engine model for pro-
duction.

(b) Preliminary Flight Rating tests.- The Preliminary Flight
Rating tests are conducted to demonstrate the suitability

of an engine model for use in experimental aircraft or
misgile flight testing.

(c) Acceptance tests.- The acceptance tests are conducted on

engines submitted for acceptance under contract.

(1) Miscellaneous inspection tests.- Various inspection

tests and procedures are conducted during the course
of manufacture to ensure that adequate quality control

is maintained for materials and manufacturing purposes.

Tests and test methods.-

Alternate test fluids.- Cold calibration.

TABLE II
ALTERNATE TEST FLUIDS

Specified propellant or fluid Alternate test fluid
Liquid oxygen Liquid nitrogen or water
RP-1 Water
Helium Dry nitrogen

25
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k2.2 Qualification tests.- Qualification test requirements shall be — -
as specified by Specification MIL-E-5151, as modified by mutual
agreement of the procuring activity and the contractor. Demon-
stration of these requirements shall be as reqaired by centract.
k.2.3 Preliminary Flight Rating tests.- Establishment of a Preliminary
Flight Rating for the rocket engine is predicated on prior satis-
factory completion of the tests on the MA-2 propulsion system
in accordance with Specification MIL-E-6626, except as modified
or reiterated hereafter with paragraph numbers identified by
(6626).
1. SCOPE
(6626)
1.1 Thisg specification establishes Preliminary' Flight"Rating test
(6626) requirements for approving the use of a liquid-propellant
recket engine in a vehicle under restricted usage conditions.
2. APPLICAELE DOCUMENTS
{6626 )
2.1 The applicable publications listed in the following bulletin,
{6626) of the issue specified in the manufacturer's engine model
speciftication, form a part of this specification:
PUBLICATIONS
Air Force - Navy Aeronautical Bulletin
Ne. 343 Specifications and Standards Applicable to
Aircraft Engines and Propellers, Use of
26
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REQUIREMENTS

Reports: rocket engine and components.- Report shall be prepared

as follows:

General .-

Dimensional units.- Unless otherwise specified, all dimensional

units shall be expressed in the Fnglish gravitational system of

units.

Corrections.- Performance characteristics shall be corrected in

accordance with the contractor's data reduction method. The
performance characteristics shall be based on measurements
obtained during a short time-interval at a stabilized point. The
aforementioned conditions shall also be acceptable to the pro-

curing activity.

Sunmary data sheets.-

Limits.- Performance limits and bench setting limits shall be

superimposed on all summary curves., Performance limits shall be
defined as the envelope of the curves which will give the rocket

engine performance specified in this model specification.

Title block.- Each curve sheet or data plot shall contain the

following information in a title block substantially in accord-
ance with Figure 1 of MIL-E-6626A.
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(a) Title (of summary)

(b) Component (nomenclature)

(¢) Manufacturer (of component)

(d) Part No. (of component)

(e) Serial No. (of component)

(f) Test numbers (or original data sheets or curves from which
summary curves are plotted)

(g) Date

(b} Prepared by; approved by

(i) Contract No.

(j) Report No.

(k) Page No.

(1) Figure No.

(m) Contractor

(n) Testing activity

(o) Used on

Data block.- Test constants and other test data not recorded in

the title block shall be recorded in a separate block substan-
tially in accordance with Figure of MIL-E-6626A.

Preliminary reports.- Immediately following completion of the

engine tests and each separate component test, or consecutive
group of tests conducted on any single test assembly or compon-
ents, a brief report may be requested by the procuring activity.
This report, combined with the certificate of a Government
representative as to the proper conduct of the tests and the
factual accuracy of the report may, at the discretion of the
procuring activity, constitute the bhasis for approval of the
tests.
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3.1.2.1 Preparation.- Preliminary reports shall contain essentially the
(6626) following information:

(a) General summary of test, giving dates, failures, test inci-

dents, performance changes, marginal conditiomns, etc.

(b) Description of the condition of the engine or components,

or both, at disassembly inspection.

(¢) Recommendations with respect to approval of the engine or
components, or both, supplemented by such discussion as is

necessary for their justification.

3.1.3 Final report.- Following completion of all tests required herein,
(6626) a final report shall be submitted which will constitute a record

of all information pertaining to the tests. This report will
normally be used as a basis for approval of the Preliminary

Flight Rating tests. The final report shall contain the follow-

ing items.

3.1.3.1 Title page.-

(6626)

3.1.3.2 Table of contents.-

(6626)

3.1.3.3 Object.-

(6626)

3.1.3.4 Sunmary .- (A brief summary of each of the tests conducted, giving
(6626) the title of each test, the item tested, dates of testing, and

a general statement of the results. References shall be made to

the applicable preliminary reports.)
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Conclusions and recommendations.-

Appendixes.- Each appendix shall cover a single test or group
of consecutive tests conducted on any single test assembly or
component, and shall report all test runs, and shall contain

the following items.

(Brief general description of the rocket engine or of the
components and a detailed description of all features which

differ from the previous model, if applicable.)

Method of test (General description and schematic diagram of
test equipment, methods, and measurement locations used in

conducting the test.)

Record of test (Chronological history of all events in connec-
tion with all the testing. The chronological history shall be
presented in a graphical or equally acceptable form showing
mid-point values of data as specified in paragraph (6626)
3.1.3.6.5.1.1.2. Failures, parts replacement, and other items
of interest shall be noted.)

Analysis of results (A complete discussion of all phases of
the tests, such as probable reasons for failure and unusaal
wear, comparison in performance with previous models, and

analysis of general operation.)

Data.- Copies of specified data shall be furnished. (Where
time functions are not originally recorded in curve form, the
data shall be tabulated or plotted.)
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Rocket engine test.-

Specified data.- The following data may be furnished as
rocket engine data for tests performed under missile simu-
lated conditions, and as individual engine data under all

other test conditions.

Original data.- Copies of original and reduced data shall

be furnished for those cases in which transient effects are

significant. In other cases, only reduced data shall be
furnished. These data shall include but not be limited to
the following:

YLR101-NA-15 engine

(a) Total oxidizer flow rate vs time
(b) Total fuel flow rate vs time

(c) Chamber pressure vs time

Derived data.- The derived data, based on data obtained at

a stabilized point during a short time interval, shall

include but not be limited to the following:

(a) Specific impulse

(b) Mixture ratio

{¢) Turust

(d) Chamber pressure

(e) Effective duration (not to be derived from short time

interval data)

Derived curves.-
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3.1.3.6.5.1.2 Test data.- Test data shall include but not be limited to
(6626) the following.

3.1.3.6.5.1.2.1

3.1.3.6.5.1.2.2
(6626)

3.1.3.6.5.1.2.3
(6626)

3.1.3.6.5.1.2.4
(6626)

3.1.3.6.5.1.2.5
(6626)

3.1.3.6.5.1.2.6
(6626)

3.1.3.6.5.1.2.7
(6626)

3.1.3.6.5.1.2.8
(6626)
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Weight test.- The weight of the rocket engine determined
during the Acceptance test shall be noted in the test report.

Static leakage test.-

Drainage test.-

Vibration test.- Wherever responses of components to the

forcing vibrations are measured, the resonant frequencies

and affected components shall be noted. }

Calibration test.- Data as specified in paragraph (6626)
3.1.3.6.5.1.1 shall be furnished for the first, mid-point,

and last test run.

Variable thrust test.- Not applicable.

Safety limits.- Data as specified in paragraph (6626)
%.1.3.6.5.1.1.1 shall be furnished where applicable for
each malfunction test and for the first, mid-run, and last
start-shutdown test.

Bovironmental test.- Not applicable.
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Rocket engine component test.-

Power control test.- Test data shall include but not be
limited to the following.

Altitude.-

Ignition-proof.-

Individual thrusi-chamber assembly test.- Test data shall
include but not be limited to the following.

Original data.- Copies of original and reduced data shall
be furnished for those cases in which transient effects are
gignificant. In other cases, only reduced data shall be
furnished. The data to be furnished shall be specified in
this medel specification. These data shall be sufficient
to gabstandiate conformance with requirements for stable,

sufe, ani reliable thrust chamber assembly operation.

Derived curves.- The following curves, in accordance with
paragraph {6626) 3.1.1.2, shall be presented:

(a) forast vs chamber pressure
Y} fweast voefficient vs chamber pressure

(c) Specific impulse vs chamber pressure.

Tank tests.-
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3.1.3.6.5.3 Other data.- The Acceptance Test Log, as defined in paragraph

(6626) (5152) 3.2.2 for the Preliminary Flight Rating test engine shall
be included in the Preliminary Flight Rating test final report.

3.1.4 Number and distribution of copies.- Six copies of the Preliminary

(6626) Flight Rating test report, one copy of which shall be reproduci-
ble, shall be forwarded to the procuring activity.

3.2 Disposition of Preliminary Flight Rating test data.- Prelim-

(6626) inary Flight Rating test data shall be retained by the contrac-
tor for two years and furnished to the procuring activity or
authorized representative upon request.

k., QUALITY ASSURANCE PROVISIONS

(6626)

k.1 General .- Liquid propellant rocket engines, components, and

(6626) test apparatus shall be subject to inspection by authorized
Government Inspectors. All tests outlined in this specifica-
tion shall be subject to witnessing by representatives of the
contractor and the procuring activity. Two copies of the
complete parts list and specifications for all components of
the flight rating test engine shall be furnished to the pro-
curing activity prior to beginning the Preliminary Flight
Rating tests. The drawings, prior to and during the Prelim-
inary Flight Rating tests, shall be at the disposal of the
authorized Government Inspectors. At convenient times prier
to the tests and after the tests, the rocket engine and com-
ponents shall be examined to determine if they conform to all
requirements of the contract and specifications under which
they were built. At the option of the procuring activity,
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measurements shall be made of critical engine dimensions prior
to start of the Preliminary Flight Rating tests. During the
progress of tests, examinations may be made at the option of the
procuring activity. The results of all such examinations shall
be submitted as part of the Preliminary Flight Rating test data.

Test apparatus and procedures.- Schematic drawings and descrip-

tions of all test apparatus and outline diagrams showing points
of the measuring apparatus and its application shall be furnished
prior to initiation of the Preliminary Flight Rating test. The
plumbing runs to the YLR101-NA-15 shall simulate the missile
installation. Any deviations from missile installation simula-
tion shall be approved by the procuring activity. Test pro-
cedures and methods to be used shall be acceptable to the

procuring activity.

Instrument calibration.- Each instrument and other measuring

apparatus upon which the accuracy of test results depends shall
be calibrated frequently enough to ensure attainment of steady-
state accuracy of plus or minus 3 percent of the specified

value of measurement, except where greater accuracy is required
to demonstrate the model specification requirements. Calibration
records shall be maintained and shall be made available to
authorized representatives of the procuring activity or of the

contractor upon request.

Automatic recording equipment.- Automatic recording equipment

of sdequate response shall be used to obtain data during transient
conditions of engine and component operation requiring the evalu-

ation of time versus engine variables.
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Test conditions.- Unless otherwise specified, all inspections

and tests shall be conducted at room temperature, as defined

in paragraph (6626) 4.1.2.1.2 entitled, "Room temperature", and
at ambient pressure. The YLR101-NA-15 engine performance shall
be corrected to the engine inlet pressures of paragraph 3.3.2,
Table I. Engine purges used in the tests shall simulate the
engine purges as required for missile captive tests. Ground
support equipment, consisting of ground electrical control
console, and ground electrical box or acceptable equivalent
shall be used to simulate operational procedures on engine
firing. Test facility systems and equipment shall be used to
simulate operational checkout procedures as closely as possible,
while maintaining maximum information of engine condition prior

to each test firing.

Temperatures.-

Low temperatures.- Not applicable.

Room temperature.- Room temperature limits are as follows:

(a) Fuel at plus 32 to plus 80 F, (b) hydraulic fluid at plus
50 to 110 ¥, (c) ambient air and other test fluids at plus 10
to plus 110, except:

(1) When the test fluid boiling point is below plus 10 F,
the fiaid shall be allowed to remain at the tempera-

ture encountered under test conditions.

(2) When the test fluid freezing point is above plus 10 F,
the fluid shall be maintained at 10 F above its freez-
ing point unless otherwise specified in the model

specification.
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High temperature.- Not applicable.

Parts failure and replacement.- Maintenance, adjustment, or

replacement of parts other than described in preflight checkout
shall not be permitted during testing, except as mutually

agreed upon between the contractor and the procuring activity.

Rocket engine.- If, during the Preliminary Flight Rating test
of the engine, a part fails, this part may be replaced or a
new Preliminary Flight Rating test started on a new engine with
a redesigned part or one of different material, unless the pro-
curing activity authorizes the installation of a new part of
original design and material for one which, in the judgment of
the procuring activity, failed due to faulty material or work-
manship. The Preliminary Flight Rating test on the engine
shall be considered complete when every part of the engine has
been subjected to, and has satisfactorily completed an entire
test, At the discretion of the procuring activity, redesign
and retesting may be required of any part which fails or indi-
cates weakness after completing its Preliminary Flight Rating
test but is retained in the engine to complete testing on other

parts.

Componentis.- The above procedure shall apply in the event of
parts failure during the flight rating testing of components.

Rocket engine inspections and tests.- The rocket engine to be
subjected to a Preliminaery Flight Rating test shall be a
deliverable system, which shall be demonstrated satisfactorily

by the performance of the acceptance tests of Specification
MIL-E-5152A as modified by paragraph 4.2.k.
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Rocket engine tests.- The rocket engine shall be subjected

consecutively to the drainage, static leakage, vibration,
calibration, and static leakage tests. Safety limits tests

may be scheduled as convenient and may be performed on another
identical engine which shall be subjected consecutively to the
static leakage, the safety limits tests, and static leakage
test. Unless otherwise specified herein, any additional tests
required by the procuring activity under paragraph (6626)
4.,2.1.9 shall be conducted after the safety limits tests. A
minimum running time shall be accumulated, prior to the final
static leakage tests, equal to 6 runs at rated duration. Rated
duration shall be considered to be the duration for the complete -

sequence of engine operation including the vernier solo duration.

Weight.- The dry rocket engine shall be weighed, and its weight

shall not exceed the value specified in the model specification.

Static leakage.- All fluid systems of the rocket engine, as
gpecified in paragraph 3.6.1, shall be tested for leakage by
pressurizing individual systems to full operating pressure
vherever practicable or to the highest pressures technically
feagible congidering recognized safety factors. The test
pressure shall start at a low differential pressure and be
increased at a uniform rate to the static leakage pressure.
The maximum test pressure shall be maintained for a minimum of
2 minutes. Leakage, at any time during the test, shall not
exceed that specified in paragraph 3.3.9.5, drawings, and

component specifications.
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Drainage.- The fluid systems of the engine shall be completely
filled, with the engine in a simulated launch position, then
drained and purged to the maximum extent possible without firing.
The fluids remaining shall be determined and shall not exceed the

amounts specified in the model specification.

Vibration.,- The vibration test shall conasist of the calibration
test runs of paragraph (6626) 4.2.1.5. Evidence of fatigue
failure of any component upon completion of these tests shall be

cause for rejection of the component.

Cal ibration.- Data shall be measured and calculated for the

following tests in accordance with paragraph (6626) 3.1.3.6.5.1.2.5.

When direct thrust determinations cannot be made, the thrust
versus chamber pressure calibration curves presented in accord-
ance with paragraph (6626) 3.1.3.6.5.2.2.2 (a) shall be used for
indirect thrust determinations. The sequence of the rocket
engine operation shall be as specified in paragraph 3.3.5 and

3.3.6.

Calibration tests.- During the calibration tests, measurements

shall be taken that demonstrate that the rocket engine meets

the following requirements: (a) the cutoff impulse, as specified
in paragraph 3.3.10.2.3%, and (b) the ratings of Table I of para-
graph 3.3.2. Pump-fed ratings of the YLR101-NA-15 shall be
demonstrated on all tests. The YLR101-NA-15 shall be required

to demonstrate tank-fed performance at the conclugion of rated
duration runs only. The remainder of the six (6) equivalent
duration tank-fed runs shall be performed on a separate installa-

tion.
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4,2.1.5.1.1 Calibration, gimbaling fixed.- Two tests shall be made at a

(6626) thrust rating within the range of Table I, of paragraph 3.3.2,
with the thrust chamber in the fixed position, one of which
shall be at rated duration.

4.,2.1.5.1.2 Calibration, gimbaling operative.- Two (2) runs shall be made

(6626) on a separate installation at rated duration at a thrust rating
within the range of Table I, paragraph 3.3.2, during which time
demonstration of the YLR101-NA-15 gimbaling requirements of
paragraph 3.6.6 shall be performed. The time accumulated on
this test series shall be applicable to the total time require-
ment of paragraph (6626) %.2.1.

L.2.1.5.2 Variable and multiple thrust ratings.- Not applicable.

(6626)

4.2.1.6 Variable thrust.- Not applicable.

(6626)

k.2.1.7 Safety limits.- A total of 20 tests shall be performed on the

(6626) rocket engine. They shall consist of a sufficient number of
tests to meet the requirements of paragraph (6626) 4.2.1.7.1,
and the remainder shall be in accordance with paragraph (6626)
k.2.1.7.2. During any five of these tests, the rocket engine
shall be operated at the high and low voltage limit for start-
ing sequence and mainstage operation as specified in paragraph
3.3.8 (b). Two (2) tests shall be conducted at the high limit
and three (3) at the low limit of the voltage range.
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Malfunction.- The type and order of these tests shall be based

on the malfunctionm analysis required by paragraph 3.3.7,
entitled "Malfunction", and shall be included with the tests
specified in paragraph (6626) %4.2.1.7 as described by the
approved test procedure. Compliance with paragraph 3.3.7 shall
be demonstrated after the occurence of one of the following
events during either transient or stabilized operation of the

rocket engines:

(a) Malfunction of rocket engine component or system.
(b) Malfunction of the vehicle system affecting rocket engine

operation.

Start-shutdown.- The number of those tests shall be sufficient

to complete the total number of tests required by paragraph
4.2,1.7. The rocket engine shall be subjected consecutively

to the following:
(a) Starting cycle and sequence of events gutlined in para-
graph 3.3.5. '

(b) Stabilized operation at a level and of sufficient duration
to obtain data substantiating the requirements for stable,

safe, reliable operation.

(¢) Shutdown cycle and sequence of events outlined in para-
graph 3.3.6.

Environmental.- Not applicable.
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Additional tests.- The procuring activity may require additional

tests for the purpose of testing special features of the rocket
engine and propellants. These tests shall be as required and
mutually agreed upon by the contractor and the procuring activity,
and in general, shall not increase the total running time accumu-

lated during the Preliminary Flight Rating test.

Preliminary Flight Rating conditions.- Preliminary Flight Rating

of the rocket engine shall be predicated on maintenance of all
parameters within the limits and conditions specified herein,
except for the maintenance of those parameters restricted by

the missile simulated configuration. Miner parts failures or
malfunctions may, at the option of the procuring activity, be
considered acceptable if safety is not jeopardized. The failures
or malfunctions shall be recorded in accordance with paragraph
(6626) 3.1.3.6.3 and submitted to the procuring activity for
approval.

Rocket engine inspection after test.- After completion of tests

of the rocket engine, the engine shall be completely disassem-
bled for examination of all parts, measurements, and photo-
graphs taken as necessary to disclose excessively worn,
distorted, or weakened parts. Calibrations shall be made of
all controls and control components prior to disassembly.
These calibrations shall demonstrate the components are within
the design tolerance range required by the applicable specifi-

cation.

Component_inspection and tests.-

Vgt
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Previous component qualification.- All rocket engine components

requiring flight rating inspection and test as specified herein
may have these requirements waived at the option of the precur-
ing activity, if the component has been previously gqaalified or
has passed Preliminary Flight Rating tests at the same or higher
rating for service use on another engine. The components must

be substantially identical to the respective components previ-

ously qualified or flight rated with the exception of provisions
for engine installation. If such a waiver ig graunted, informa-
tion on the components for which previous approval was obtained

shall be provided in the Preliminary Flight Rating test ceport.

Component inspection before tests.- All components shall be

completely inspected for compliance with the contractor’s
drawings and specifications before Preliminavry Flight Rating
tests are begun. Deviations from the contractor's drawiags
and specifications shall be approved by a representative of the
procuring activity. Defective parts shall mot be used on any
component or engine subjected to the Preliminary Flight Hatiog -
teasts.

Co.nponent tests.- The following tests shall be condu:Sed on

components.

Power conlrol tests.- Each electrical or altitude svasitive

gubcontrol shall be tested in accordance with the following
paragraphs. A functional test shall simulate as closely as

possible the entire range encountered in engine operation.
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£.3.3.1.1 Altitude.- Pressure altitudes shall be as defined in the May
(6626) 1954 edition of the Manual of the ICAO Standard Atmosphere -

Calculations by NACA and the April 1955 draft of Appendix A,

entitled, "Proposed Extension to the ICAO Standard Atmosphere,

Model Ib".

£.3.3.1.1.1 Pressure sensitive subcontrol test.- Each subcontrol, sensitive

(6626) to altitude, with its operating fluid or approved test fluid,
ghall be functionally tested for 10 cycles at a simulated
pressure altitude of 200,000 feet.

4.3.3.1.1.2 Electrical subcontrol test.- Each electrical subcontroel, with .

(6626) its operating fluid or approved test fluid, shall be subjected

to the following:

(a) The test chamber pressure shall be established at the
pressure existing at a pressure altitude of 200,000 feet.

(b) Electrical power shall be applied for 10 minutes with all
power sources at maximum design values.

(¢) A functional test of 100 cycles, in accordance with Speci-
fication MIL-E-5151, shall be performed while the subcontrol
is operated over the input range of either 18 to 29 volts
dc or 102 to 124 volts ac throughout the frequency range
required by the type of ac power utilized as defined in
Specification MIL-E-789%4,

(d) while the subcontrol is hot as a result of the functional
test, a potential of 300 volts rms for relays and sole-
noids at commercial frequency, shall be applied between
ail terminals not in the same circuit and between terminals
and grounded metal parts for a period of 60 seconds. B

/
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There shall be no "arc-over" or evidence of "arc-over" between
electrical contacts, terminals, or parts of a subcontrol having
a difference of potential. Current flow in excess of 2 milli-

amperes or breakdown of insulation shall constitute failure.

Ignition-proof.- Electrical subcontrols, except those specified
in paragraph %4.3.6 of Specification MIL-E-5272, shall be tested
in accordance with paragraph 4.13.1, Explosion Proof (Aeronauti-
cal) test, Procedure I, of that specification. The altitude
increments shall be 10,000 feet and shall be from sea-level to
60,000 feet. Components which operate only at take-off shall
be tested at sea level and 10,000 feet altitudes only.

Individual thrust chamber assembly tests.-

Indi

Injector calibration.- Not applicable.

Coolant jacket calibration.- Not applicable.

Calibration.- One YLR101-NA-15 thrust chamber assembly shall be

calibraied at 90 percent rated thrust, 110 percent rated thrust,
and one intermediate thrust. Two calibrations shall be made at
each level., Standard thrust chamber assembly calibration curves,
showing relationships of propellant flow rate, thrust, and thrust
coefficient with chamber pressure shall be prepared from the test
results. These curves, together with the best available data,
shall be used to determine thrust from the chamber pressure when-
ever direct means of measuring thrust are not available or
feasible.
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%.,3.3.2.3 Acceptance conditions.- Acceptance of each thrust-chamber

(6626) assembly shall be predicated on the maintenance of all para-
meters within the limits specified in this model specification.

4.3.3.3 Tank tests.- Not applicable.

(6626)

L.3.4 Component inspection after tests.- After completion of tests

(6626) of the components, each component shall be completely dis-
assembled for examination of all parts and measurements, as
necessary, to disclose excessively worn, distorted, or weakened
parts. These measurements shall be compared with the contrac-
tor's drawing dimensions and tolerances or with similar measure-
ments made prior to the test when available. The results of
these inspections shall be submitted as part of the Preliminary
Flight Rating test data.

5. PREPARATION FOR DELIVERY (Not applicable to this specification.)

(6626)

6. NOTES

(6626)

6.1 Intended use.- The Preliminary Flight Rating test procedures

(6626) specified herein are intended for use in the testing of liquid-
propellant rocket engines.

6.2 Definitions and symbols.- The symbols and terms used in this

(6626) specification and the applicable definitions are as specified
in Specification MIL-E-5150A as modified herein.
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Acceptance tests.- The Acceptance tests shall be conducted on

each engine in accordance with Specification MII-E-5152 except
as modified or reiterated hereinafter with paragraph numbers
identified by (5152).

SCOPE

This specification covers the Acceptance test requirements for
the YLR101-NA-15 rocket engine.

APPLICABLE DOCUMENTS

The applicable publications listed in the following bulletin, of

the issue specified in the manufacturer's model specification,

form a part of this specification.

Air Force - Navy Aeronautical Bulletin

No. 343 Specifications and Standards Applicable to
Aircraft Engines and Propellers; Use of

{Copies of specifications, standards, drawings, and publications
required by contractors in comnection with specific procurement
functions should be obtained from the procuring activity or as

directed by the contracting officer.)

REQUIREMENTS

Contracior's instructions, specifications and drawings.-
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Specifications.- Contractor's specifications shall include:any

tests found necessary to ensure calibration of components within
specified environmental and operating conditions regardless of

manufacturing processes employed.

Component calibration.- A complete set of calibration specifica-

tions for the calibrated components showing the bench setting
limits used for acceptance shall be made available to the pro-

curing activity prior to delivery of the first rocket engine.

Availability.- Copies of all contractor instructions, specifi-
cations, and drawings governing the inspection and testing of
the rocket engine and its components shall be kept on file by
the contractor and shall be supplied to the procuring activity
upon request. When instructions, specifications, or drawings
have been supplied to the procuring activity, all changes shall

be supplied to the procuring activity upon release.

Acceptance test data.-

General.-

Dimensional units.- Unleas otherwise specified, all dimensions

shall be reported in the English gravitational system of units.

Corrections.- Performance characteristics shall be corrected in
accordance with the coniractor's data reduction method which
shall be based on measurements obtained at a stabilized point’
during a short time-interval and which shall be acceptable to
the procuring activity.
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Log.- An Acceptance test log shall be prepared for each engine
to include but not be limited to the reduced and derived data
listed below.

Component test and inspection data files.- Data shall include

test conditions and serial numbers of components tested, so
arranged that summaries of tests on specific components by

groups of serial numbers can be compiled.

Individual thrust chamber assembly.- Not applicable.

Rocket engine.-
(a) Weight test
(b) Static leakage test

(¢) For each calibration test, a continuous record shall be

taken of the original data for each engine.

(1) Thrust

(2) Chamber pressure

(3) Fuel inlet pressure

(%) Oxidizer inlet pressure

(5) Fuel flow rate

(6) Oxidizer flow rate

(7)‘ Barometric pressure and free air temperature
(single reading)

(8) Temperature of propellant at inlet to rocket engine.

(d) Additional tests.- (Use schedule for paragraph
3.2.2.3.1 (c).)

Reduced and derived data.-
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Individual thrust chamber assembly.- Not applicable.

Rocket engine.- For each run the minimum data shall include the

following:

a stantaneous specific impulse
Instant ific imp
(b) Instantaneous mixture ratio

(c) Inlet temperature of propellant

Inspections.- Results of the specified rocket engine inspec-
tions shall be included in the Acceptance test log.

Disposition.- The Acceptance test log shall be retained by the
contractor for two (2) years, and copies shall be furnished to

the procuring activity upon request.

QUALITY ASSURANCE PROVISIONS

General.- Liquid propellant rocket engines, components, and
test apparatus and the material entering into the manufacture
of articles for fulfillment of contract requirements, shall
be subject to inspection by authorized Government Inspectors.
Complete specifications for all components shall be furnished
to the procuring activity prior to beginning the Acceptance
tests thereof. At convenient times prior to the tests and
after the tests, the rocket engine and components shall be
examined to determine if they conform to all requirements of
the contract and specifications under which they were built.
During the progress of tests, examinations may be made at the
option of the procuring activity.
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Test apparatus and procedures.- Schematic drawings and descrip-

tions of all test apparatus, and outline diagrams showing points
of measuring apparatus application, and test procedures or

methods to be used shall be acceptable to the procuring activity.

Instrumentation calibration.- Each instrument and other measuring

apparatus upon which the accuracy of test results depends shall
be calibrated frequently enough to ensure attainment of steady
state accuracy of plus or minus 3 percent of the specified value
of the measurement, except where greater instrumentation accuracy
is required to demonstirate the specification requirements. Cali-
bration records shall be maintained and shall be made available
to authorized representatives of the procuring activity or of

the contractor upon request.

Automatic recording equipment.- Automatic recording equipment

of adequate response shall be used to obtain data during
transient conditions of rocket engine and component operation

requiring the evaluation of time versus rocket engine variables.

Test temperatures.- Inspections and tests shall be conducted at

room temperature as defined in paragraph (5152) %4.1.3.1 and at
ambient pfessure.

Room temperature.- Room temperature limits are as follows:

(a) fuel at plus 32 to plus 80 F, (b) hydraulic fluid at plus
50 to plus 110 F, (c) ambient air and other test fluids at plus
10 to plus 110 F, except:

(1) When the test fluid boiling point is below plus 10 F,
the fluid shall be allowed to remain at the tempera-

ture encountered under test conditions.

51

ORI




R-39538

ROCKETDYNE

A DIVISION OF NOARTH AMERICAN AVIATION. INC,

4,1.3.1 (Continued)

(5152)

4.1.3.2
(5152)

4,2
(5152)

4.2.1
(5152)

52

FORM 808.B PLATE REV, 1-88

(2)

Turbine dr

When the test fluid freezing point is above plus 10 F,
the fluid shall be maintained at 10 F above its freez-
ing point unless otherwise specified in the model

specification.

ive fluid temperature.- Not applicable.

Acceptance

tests.- Unless otherwise specified herein, the

Acceptance

engine and

HAM or "Bll.

tested und

test shall be conducted on each production rocket
shall consist of the tests specified under Schedule

All production rocket engines shall be acceptance-
er Schedule "A" until such time as the penalty or

parts replacement record warrants the use of Schedule "B" as

mutually agreed upon by the contractor and the procuring

activity.

a lot to be agreed upon between the contractor and the procuring

activity,
"B", This
Inspector,
ule "A",

system, th

All subsequent rocket engines, except one out of

shall be acceptance-tested in accordance with Schedule
rocket engine, selected at random by the Government
shall be acceptance-tested in accordance with Sched-

If the rocket engine does not include its own feed

e rocket engine shall be tested with a test stand

feed system providing inlet conditions as specified herein.

Rocket engine inspection before acceptance tests.- Each rocket

engine shall be completely assembled in accordance with the

contractor

's drawings and this specification, then visually

and dimensionally inspected before commencing the rocket engine

tests.
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Rocket engine tests.- Schedule "A".- Each rocket engine assembled

for the inspection specified in paragraph (5152) %4.2.1 shall be
subjected to the weight, static leakage, calibration, and such
additional tests as required by paragraph (5152) %.2.2.6.

Weight.- The dry rocket engine shall be weighed, and its weight

shall not exceed the value specified in the model specification.

Radio_interference.- Not applicable.

Static leakage.- All fluid systems of the rocket engine shall
be tested for leakage by pressurizing individual systems to
full operating pressures wherever practicable or to the highest
pressures technically feasible or limited by recognized safety
factors. The test pressures shall start at a low differential
pressure and be increased at a uniform rate to the static leak-
age pressure. The maximum test pressure shall be maintained
for a minimum of 2.0 minutes. Leakage, at any time daring the

test, shall not exceed that specified in paragraph 3.3.9.5.

Calibration.- The rocket engine shall be operated for a limited
duration at the tank-fed conditions and approximate pump-fed
conditions. The sequence of operation shall be in accordance
with the applicable parts of paragraphs 3.3.5 and 3.3.6. During
a part of a calibration run the thrust chamber shall be gimbaled
at a slow rate through a total included angle of 140 degrees in
pitch and a total included angle of 50 degrees in yaw in lieu ¢
of demonstrating the full travel limits of paragraph 3.6.6, due
to test facility limitations.

R ook o o
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Rocket engine component tests.- All component parts of the

rocket engine shall be tested to demonstrate conformance with

the contractor's drawings and specifications.

Individual thrust chamber assembly tests.-

Flow tests.- Each individual thrust chamber assembly shall be
given a cooling jacket flow test and an injector flow test
using the propellants specified in the model specification or
an alternate test fluid approved by the procuring activity in
accordance with approved test procedures. The pressure drops,
at rated flow conditions, shall be within the limits specified

in the calibration curves called for in paragraph 3.2.1 (5152).
Firing tests.- Calibration tests performed under paragraph

(5152) 4.2.2.4 shall accomplish the requirements for individual
thrust chamber firing tests.

Gas generator test.- Not applicable.

Additional tests.- Additional tests, for the purpose of testing

special features of the rocket engine and propellants, shall be
a8 required by mutual agreement of the procuring activity and
the contractor. These tests shall not, in general, increase the

total rmmning time accumulated during the acceptance test.

Rocket engine and component tests.- Schedule "B'".- Schedule "B"

shall consist of the test requirements agreed upon between the
procuring activity and contractor for the rocket engine and

components iuvolved.
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Acceptance conditions.- Acceptance of the rocket engine shall
be predicated on the maintenance of tank-fed parameters within
the limits specified in Table I of paragraph 3.3.2 with the
exception that an acceptance test mixture ratio shall be within
1.7 to 1.9 at standard engine inlet conditions. Prior to
delivery the rocket engine shall be reorificed without additional
testing to target the nominal mixture ratio and thrust of the
tank-fed rating of Table I based upon the results of the accept-
ance test(s). The average specific impulse of the engine,
determined from the acceptance runs, shall be above the speci-
fication minimum. An individual test value below the minimum
specific impulse but within 2 percent of the average shall be
acceptable. The pump-fed ratings shall not be construed as

acceptance criteria.

Rocket engine ingpection after test.- Upon completion of the

acceptance tests, the rocket engine shall be subject to a
complete visual inspection by the Government Inspector, without
disassembly, except where data or circumstances indicate that
defective parts may exist; the disassembly may be accomplished
as requested by the Government Inspector. Defective parts
shall be replaced by approved parts, and a suitable penalty
test may be made at the discretion of the Government Imspector
if the replaced parts failed under unusual circumstances or

affect performance characteristics of the engine.

Rocket, engine penalty test.- The maximum penalty test shall

consist of a repetition of the test runs outlined under para-
graph (5152) 4.2,2. Preliminary runs may be conducted prior
to the penalty test. '
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k.2.5.2 Rocket engine inspection after penalty test.- Upon completion

(5152) of the acceptance test the rocket engine shall be subjected to
a complete visual inspection by the Government Inspector without
disassembly except where data or circumstances indicate that
defective parts may exist; then, disassembly may be accomplished
as requested by the Government Inspector. Defective parts shall
be replaced by approved parts and a suitable penalty test may be
made at the discretion of the Government Inspector if replaced
parts affect operational characteristics of the engine.

4.2.5.3 Rocket engine reassembly test.- Net applicable.

(5152)

4,2.6 Rejection and retest.- Whenever, in the opinion of the inspec-

(5152) tor, there is evidence of malfunction or that the rocket engine
is not meeting performance rating requirements, the difficulty
shall be investigated and its cause corrected to the satisfac-
tion of the inspector before the test is continued. At the
option of the inspector, the portion of the teat in which the
difficulty was encountered shall be repeated.

4.2.6.1 Radio interference.- Not applicable.

(5152)

4.2.6.2 Maximum running time.- The rocket engine shall stand rejected

(5152) whenever the total running time accumulated during preliminary
runs and the tests specified herein exceeds three (3) times
rated duration. Parts and accessories from rejected rocket
engines may be reused if such items can be reconditioned to
meet the requirements for new parts. The inspector shall be
furnished full particulare of previous rocket engine rejection
when such items are resubmitted for inspection. :)
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PREPARATION FOR DELIVERY

Not applicable to this specification

NOTES

Symbols and definitions.- The symbols and terms used in this

specification and the applicable definitions will be as

specified in this model specification.

Miscellaneous inspection tests.-

Material tests.- Samples of materials used in the rocket engine

shall be selected and tested as specified in the quality control

procedures established by the contractor.

Magnetic inspection.- The following parts shall be subjected

to magnetic particles inspection in accordance with Specifica-
tion MIL-I-6868 or AMS 2640, if made of magnetic material.

(a) All highly stressed parts including threaded fastenings
(b) Vibration or friction damper springs.
(¢) A1l gears.

Fluorescent penetrant inspection.- All highly stressed non-

magnetic parts shall be subjected to fluorescent penetrant
inspection in accordance with Specification MIL-I-6868 or
AMS 2645.
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Very bulky and intricately shaped parts may be hydrostatically
tested by the contractor's approved method in lieu of fluores-
cent penetrant testing, when specifically approved by the

procuring activity's representative.

Utility parts.- Commercial, AN, and MS standard parts such as
cotter pins, washers, etc., and similar low-stressed parts are
not required to be inspected by the magnetic or fluorescent

penetrant method.

Antifriction bearings.- Assembled ball or roller bearings shall

not be magnetically inspected.

Radiographic or ultraseonic inspection.- Highly stressed magnesium

and aluminum castings shall be subjected to radiographic or
ultrasonic inspection for defects or soundness to a degree of
inspection on each article as agreed upon between the contractor

and the procuring activity.

Radiographic inspection.- Radiographic inspection materials shall

be in accordance with Specification MIL-I-6865. Laboratories
performing radiographic inspection shall be certified in accord-
ance with Specification MIL-X-6141.

Certification of operators.- All operators performing fusion

welding shall be certified.

FORM 608-8 PLATE REV. 1-38
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PREPARATION FOR DELIVERY

Application.- The requirements of Section 5 apply only to direct

purchases by or direct shipment to the Government.

Storage, shipment, and delivery.- Preparation for storage and

shipment, when required by contract shall be in accordance with
the applicable specifications and drawings of paragraph 3.5,

Drawings and data, utilizing government-approved containers

unless otherwise directed by the contracting officer or his

authorized representative.
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NOTES
Intended use.- The liquid propellant rocket engines covered by
this specification are intended for remotely launched missile

application.

Symbols and definitions.- The symbols used in the model speci-

fications, and the applicable definitions, will be as specified
in Specification MIL-E-5150 except as follows:

Definitions.-

Government.- The term "Government" as used in this specifica-
tion shall be interpreted to mean the procuring activities of

the Department of Defense.

Procuring activity.- The procuring activity is the activity

which negotiates the rocket engine contract.

Using service.- The using service is the activity whose model
dash number has been assigned to the rocket engine in accord-
ance with ANA Bulletin No. 352.

Rating.- A value of some characteristic of performance as

specified in the model specification.

Estimate.- A predicted range of characteristics of performance

as specified in the model specification.

Accessories.- Accessories are items of equipment required for

vehicle operation.
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Assembly, pump and drive.- Not applicable.

Assembly, thrust chamber.- The thrust chamber assembly (TCA) is
composed of the thrust chamber, and any other directly associated

parts.

Chamber, combustion.- The combustion chamber is the enclosed

volume between the injector face and the throat of the nozzle.

Chamber, thrust.- The thrust chamber is that component of rocket
engine which produces thrust and includes the expansion nozzle
and propellant injector. (Propellant valves are included if

they are an integral part of the injector.)

Coefficient, thrust.- The thrust coefficient (CF) is the quotient
of the thrust in pounds divided by the product of the nominal

chamber pressure in pounds per square inch absolute and the

throat area in square inches.

Components, engine.- Engine components are items of equipment

farnished as parts of the engine which are required for eungine

operation.

Consumption, specific propelliant.- The specific propellant con-

sumption (SPC) is the total propellant consumption rate, in

pounds per second, divided by the thrust produced, in pounds.

Conditions, standard.- Standard conditions are the values of

air temperature and pressure given in Appendix A, Proposed
Extension to ICAO Standard Atmosphere, Model 1b, Using Variable
Gravity, Molecular-Scale Temperature and Geopoteniial Altitude,
AFRC-ARDC, dated April 1955.
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Cutoff.- Cutoff is the time of propellant flow cessation through
the thrust chamber propellant shutoff valve(s).

Drive, pump.- Not applicable.

Duration.- The duration is the total firing time of one opera-

tional cycle (seconds).

Efficiency, over-all pump.- Not applicable.

Efficiency, turbine mechanical.- Not applicable.

Head, net, positive suction.- Not applicable.

Impulse, effective.- Effective impulse is the area under the )

thrust-time curve between the two 90-percent-of-rated thrust

points.

Impulse, effective specific.- The effective specific impulse

is the effective impulse divided by the sum of the weights of
propellants used during the intervals between the two 90-percent-

of-rated thrust point.

Impulse, mean specific.- The mean specific impulse is the total
impulse divided by the total weight of propellant(s) consumed.

Impulse, instantaneous specific.- The instantaneous specific

impulse is the inatantaneous thrust produced, in pounds,
divided by the total instantaneous propellant consumption

rate, in pounds per second.
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Impulse, total.- The total impulse (It) is the area under the

thrust-time curve.

Length, characteristic.- The characteristic length (L¥) is the

combustion chamber volume in cubic inches divided by the throat

area in square inches.

L* =

inches

Points, 90-percent-of-rated thrust.- The 90-percent-of-rated

thrust points are the time points during thrust increase and
decrease between which the thrust is stabilized at greater than

90 percent of rated value.

Pressure, effective chamber.- The effective chamber pressure

is the area under chamber pressure-time curve between the two
90-percent-of-rated thrust points divided by the time interval

between these points.

Pressure, mean chamber.- The mean chamber pressure is the area

under the chamber pressure-time curve divided by the daration.

Pressure, nominal working.- The nominal working pressure is a

maximm pressure to which the component is subjected under

steady state condition.

Pressare, burst.- Burst pressure is the pressure which, once

applied to an item, results in exceeding its ultimate strength.
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Pressure, proof.- Proof pressure is the test pressure to which

an item is subjected without deformation adversely affecting
rocket engine operation, or permanent set. Proof pressure is

1.5 times the nominal working pressure for aircraft- and vehicle-
launched rocket engines and 1.2 times the nominal working
pressure for remotely launched missile rocket engines plus the
difference between nominal working pressure and meximum transient

pressure.

Pressure, maximum transient.- The maximum transient pressure is

the significant maximum pressure to which an item is subjected

under any operating condition.

Propellant, referee.- A propellant incorporating the most adverse

constituents of the specification propellant or which specifies

propellant constituents after a 2-year storage period.

BRatio, effective mixture.- The effective mixture ratio is the

weight of the oxidizer used between the two 90-percent-of-rated-
thrust points divided by the weight of the fuel used between the
two 90-percent-of-rated-thrust points.

Ratio, mean mixture.- The mean mixture ratio (Wb/Wk)‘is the

total weight of oxidizer consumed divided by the total weight

of fuel consumed.

Ratio, instantaneous mixture.- The instantaneous mixture ratio

(rm) is the ratio of the oxidizer flow rate to the fuel flow

rate.



“\
. B

ROCKETDYNE

A DIVISION OF NORTH AMERICAN AVIATION, INC.

R-39538

6.2.1.38

6.2.1.39

6.2.1.40

6.2.1.41

6.2.1.42

6.2.1.43

6.2.1.44

6.2.1.45

6.2.1.46

FORM 808-B PLATE REV, 1-38

Rocket engine.- A rocket engine consists of all components

specified in the model specification.

Rocket engine, aircraft.- "Aircraft" denotes a propulsion rocket

engine for an inhabited flight vehicle.

Rocket engine, vehicle-launched missile.- '"Vehicle-launched"

operated prior to or during launching from an inheabited vehicle.

Rocket engine, remotely launched missile.- "Remotely launched"

denotes a propulsion rocket engine for a missile other than

that specified in paragraph 6.2.1.40.

Thrust.- Thrust (F) is the reactive force of the rocket engine

during operation.

Thrust, effective.- The effective thrust is the effective
impulse divided by the time interval between the two 90-percent-

of-rated thrust points.

Thrast, mean.- The mean thrust is the total impulse divided by

ithe duration.

Velocity, characteristic.- The characteristic velocity (c*) is

the prodact of throat area in square inches, chamber pressure
in pounds per square inch absolute, and nominal acceleration
due to gravity (32.17k) in feet per second divided by rate of

propeliant flow in pounds per second. §

Effective duration.- The effective duration is the time interval A
between the two 90-percent-of-rated thrust points, as defined %
in paragraph 6.2.1.27 of Specification MIL-E-5150A. ‘
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Nominal chamber pressure.- The nominal chamber pressure is the

nozzle stagnation pressure of the thrust chamber. Nozzle
stagnation pressure is computed from a knowledge of measured
values of injector end static pressure. Based upon presently
used combustion and fluid flow theories, the ratio of injector

end pressure to nozzle stagnation pressure is 1.025.

Engine performance test.- An engine performance test is a test

of sufficient duration for the engine and recording equipment
to reach steady state conditions for a period not less than
3 seconds and in which time all required performance measure-

ments are obtained.

Critical components.- Critical components are the thrust

chamber, injector, and main propellant orifices. 4

MD number identification.- MD number identification (end item

markings) will be formulated and interpreted as shown in the
following table:

END ITEM MARKINGS

MD NUMBERED CHANGES TTEM
EXAMPLE INGORPORATED MARKING

1,2, 3, 4 MDY

3 MDx3
1, 2, 3, 5, 8 MD3x5x8

3, &, 5, 75 MDx35x7
1,2, 3, 5, 6, 7, 8 9, 10, 12 MD3x510x12

EXAMPLE % AFTER INCORPORATION OF MDx27
CHANGES 2 & 6 '

LS I\
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Symbols.- Symbols used in this specification are defined as
follows:

SYMBOL UANTITY UNIT
c¥* Characteristic velocity ft/sec
Pc Chamber pressure psia
At Throat area in2
sp Specific impulse sec
W Fluid flow rate 1b/sec
Cp Thrust coefficient (= )
c t
F Thrust 1b
Ve
L* Characteristic length in. (= yy )
t
v Combustion chamber volume in3

]

Rocket engine mockup procedure.- Official examination of the

mockup of new types of engine will be conducted in accordance
with the provisions of ANA Bulletin No. 406,

Degign and installation criteria.- Design criteria and

recommended practices for the guidance of design shall be
as set forth in ANA Bulletin No. 428.
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R-39538
700
DESIGN
POINT
{(PUMP FED)
1.30
600
DESIGN —1!-28
POINT
({PUMP FED}
126
DESIGN
POINT
500 { TANK FED) 1.24
/ | '
THRUST COEFFICIENT
122
DESIGN
POINT .
(TANK FED) 120

200 210 220 230 240 250
CHAMBER NOZZLE STAGNATION PRESSURE, PSIA

FIGURE 2

ESTIMATED SEA - LEVEL THRUST AND THRUST COEFFICIENT
VERSUS
CHAMBER NOZZLE STAGNATION PRESSURE

YLR 101-NA=-15 THRUST CHAMBER
{NOZZLE EXPANSION AREA RATIO 5.6:1)
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CHARACTERISTIC VELOCITY, FT/SEC
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FIGURE 3
ESTIMATED CHARACTERISTIC VELOCITY
VERSUS

SEA LEVEL THRUST
YLR 101 -NA-15 THRUST CHAMBER
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YLR 10i=NA-I5 THRUST CHAMBER
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FIGURE 4
ESTIMATED SEA LEVEL SPECIFIC IMPULSE
VS
THRUST
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NOTE: ALL REFERENCES TO "MAIN ENGINES"
OR "MAIN VALVE" REFER TO THE
YLR 89-NA-7 AND THE YLRIO5-NA-7.

[C————> MISSILE PREPARATION COMPLETE

0 START SWITCH
C ENGINE TANKS PRESSURIZED
D AUXILIARY SYSTEM COMPLETE
0 YLR 101-NA-I5 PROPELLANT VALVES OPEN
0 MAIN ENGINE IGNITION STAGE VALVES OPEN
) GAS GENERATOR IGNITERS FIRE- AND BREAK
C > YLR 101~ NA-I5 COMBUSTION
"3 IGNITION STAGE BURNING
0 IGNITION DETECTOR LINKS BREAK
D YLR I01-NA-IS FUEL-MANIFOLD PRESSURE SWITCHES
L") MAINSTAGE CONTROL
3 MAIN FUEL VALVES OPEN
[0 GAS GENERATORS VALVES OPEN
[J TRANSITION BURNING (I0-90 PERCENT THRUST)

::i) YLRIOS -NA-7 AND YLR89-NA-? LUBRICATION
TANK PRESSURIZED

0 MAIN FUEL MANIFOLD PRESSURE SWITCHES
0 YLRIOS~NA-7 MAIN VALVES ON CONTROL

C > EFFECTIVE MAINSTAGE COMBUSTION

‘FIGURE 5

STARTING SEQUENCE
YLRIOI-NA-I5, WHEN OPERATED WITH
YLR89-NA-7 AND YLRIOS5-NA-7
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LAUNCH
CONTROL
PANELS
ENGINE ENGINE CUSTOMER
STATUS SEQUENCE INTERCONNECTING
PANEL PANEL CIRCUITS
RECORDER AND
AUTOMATIC CHECKOUT
GROUND h GROUND ‘YLRB9-NA-7 AND YLRIO5-NA-7
AC POWER RELAY GG IGNITERS
SUPPLY PANEL AND IGNITION DETECTORS
GROUND
DC POWER
SUPPLY /—'-Gnouno MISSILE DISCONNECTS
YLR 101-NA-{5
ENGINES
~ ENGINE TANK ENGINE YLR (08-NA-7 VLR 89-NA-7 |
RESSURE SWITCHES POWER
RELAY THRUST
AND PNEUMATIC BOX CHAMBER PACK
REGULATOR HEATER
[ |
YLR8S-NA-7 YLR10I-NA-15
THRUST PROPELLANT VALVE
CHAMBERS CONTROL 8 ENGINE
MISSILE INTERCONNECTING TANK PRESSURIZING
CIRCUITS, INSTRUMENTATION CONTROL
AND POWER SUPPLY
FIGURE 7!
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POWER CONTROL ARRANGEMENT, YLRIOI- NA- (5,
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DENSITY, LB/CUFT

78

74

73

72

71.38 LB/CU FT AT~ 297.4 F AND
IATM SLOPE.-0.191 LB/CU FT/F

71
70
69
68
67
=310 ~300 -290 -280 =270
TEMPERATURE, F
FIGURE 12
LIQUID OXYGEN DENSITY
ve
TEMPERATURE
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